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1 ABSTRACT 

I 

2 • 

3 Six single nucleotide polymoiphisms (SNPs) are found to be associated with 

4 schizophrenia. The applications of these SNPs, and genetic markers in the same haplotype as, or 

5 linkage disequiUbrium with, one or more of ttiese six SNPs to diagnostic and drug developmoit 

6 purposes are described in the present invention. 

i 
1 
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1 SINGLE NUCLEOTIDE POLYMORPHISMS 

2 FOR THE DIAGNOSIS AND TREATMENT 

3 OF SCmZOPHRENLA SPECTRUM DISORDERS 
4 

5 BACKGROUND OF THE INVENTION 
6 

7 FIELD OF THE INVENTION 

8 fOOOl] This invention relates to the diagnosis and treatment for psychotic and affective 

9 disorders, such as schizophrenia. This invention also relates to methods of screening for 
10 therapeutics for schizophr^a and other psychotic and affective disorders. 

11 

12 DESCRIPTION OF THE PRIOR ART 

13 [0002] Common human neuropsychiatric disorders including psychotic and affective 

14 disorders are multi-fectorial or con^ilex in nature. The family of disorders diat share clinical and 

15 oSsaa etiologic (i,e., genetic) characteristics with schizophrenia have been referred to as the 

16 "schizophrenia q>ectrum", which covers schizophrenia, nonschizophrenic, nonaffective 

17 psychotic disorders (i.e., schizophreniform disorder, delusional disorder, schizoaffective 

18 disorder, atypical psychosis), schizophrenia-like pasonality disorders and some affective 

19 disorders (A. Breiar, 1999. Diagnositc classification of flie psychoses: historical context and 

20 inq>licaticMis for neurobiology. In: Neurobiology of Mental Iltaess. D. S. Chamey, E. J. Nestler, 

21 B. S. Bmmey (Ed.) Oxford Umveisity Press. Chapter 15. pp. 197 - 198). To date, linkage studies 

22 have been relatively unsuccessful in identifying genes associated with complex disorders such as 

23 bipolar disorder, schizophrenia, dq>ression, anxiety-related traits and autian; few loci have yet 

24 been unequivocally identified. 

25 [0003] Schizophrenia is one oftiie most common and soious psychiatric disorders and is 

26 charac^sed by a profound disruption of cognition and emotion, affecting fimdamental human 

27 attributes such as language, thou^t, percq)tion. and sense of self. The disease is accompanied 

28 by an array of symptoms which fiequently include haUucination and delusion. Studies of flie 

29 prevalence of schizophrenia in the general population d^onstrated that, in general, 1-year 

(00S36^3-CAJ 
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1 prevalence in adults between the ages of 18 to 54 is estimated to be 1.3 peicent Onset generally 

2 occurs during young adulthood (niid.20s for men. Iat«>.20s for women). alUiough earUer and later 



10 
11 



onsets do occur. Onset of the disease may be abrupt or gradual, but most people experience 
some early signs, such as increasing social withdrawal, loss of interest, unusual behavior, or 
decreases in functioning prior to the beginning of active positive symptoms. 

6 [00041 At this time, a clear consensus as to the etiopathogenesisofschizophrenia has yet to 

7 be established. The most popularly held opinion points to the interaction of genetic factors and 

8 major environmental upheaval during development of the brain. Family, twin, and adoption 

9 studies support the role of genetic influences in schizophrenia (Kendler KS and Diehl SR. 1993. 
The genetics of schizophrenia: a current, genetic-epidemiologic paspective. Schizophr Butt 
19:261-85; McGufSn P. Owen MJ and Farmer AE. 1995. Genetic basis of schizophrenia. Lancet 

12 346: 678-82: Portin P and Alanen YO, 1997. A critical review of genetic studies of 

13 schizophrenia. H. Molecular genetic studies. Acta Psychiatr Scand 95:73-80). Immediate 

14 biological relatives ofpeople with schizophrenia have about a lO-time greaterrisk than ftat of 

15 the general population. Given prevalence estimates, this translates into a 5 to 1 0 percent Kfetime 

16 risk for first-degree relatives (including children and siblings) and suggests a substantial genetic 

17 component to schizophrenia (Kety SS. 1987. The significance of genetic factors in the etiology 

18 of schizophrenia: results &om the national study of adoptees in Denmark. J Psychiatr Res 

19 21:423-9; TsuangMT. 1991. Morbidity risks of schizophr^a and affective disorders among 

20 first-degree relatives of patients with schizoaffective disorders. Br J Psychiatry 158:165-70). 

21 What also bolsters a genetic role are findings that the identical twin of a person with 

22 schizophrenia is at greater risk tinm a sibling or fi»temal twin, and that adoptive relatives do not 

23 share flie increased risk of biological relatives. However, in about 40 percent of identical twins 

24 m whidi one is diagnosed witii schizophrenia, tiie otiiier never meets the diagnostic criteria. TTie 

25 discordance among identical twins cleariy indicates that environmental &ctors likely also play a 

26 role. However, despite the evidence for genetic vuhi«ability to schizopfaienia, scientists are only 
begmning to identify flie genes responsible (BCendler KS & Diehl SR. 1993. The genetics of 
schizophrenia: a current, genetic-epidemiologic perspective. Schizophr Bull 19:261-85; Shifinan 

29 S, Bronstdn M. Stemfeld M et aL, 2002. A highly significant association between a COMT 
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haplotyopeandschizophr«ria.^my/f«^G^e/71:1296-1302). The current consensus is that 
' multiple genes are responsible (Kendler KS. MacLean CJ. O'Neill FA er al, 1996. Evidence for 
a scluzophrenia vuhierability locus on chromosome 8p in the Wsh Study of High-Density 
Schizophrenia FamiKes. Am JPsychiatr, 153: 1534ut0; Kunugi H, Curtis D. Vallada HP et al., 
1996. A linkage study of schizophrenia with DNA markers flt>m chromosome 8p21-p22 in 15 
multq,lex famiUes. Schizophr Res 22:61-8; Portin P and Alanen YO. 1997. A critical review of 
genetic studies of schizophrenia n. Molecular genetic studies. Acta Psychiatry Sca»d 95:73.80- 
Straub RE, MacLean a, Martin RB, Ma Y,etal., 1998. A schizophrenia locus may be located' 
9 mregion 10pl5-pll..4m J'A/ed'C7ene/81:296-301). 

10 100051 Excessive levels of the neurotransmitter dopamine have long been impUcated in 
schizophrenia, although it is unclear whether the excess is a primary cause of schizophrenia or 
the result of a more fundamental dysfunction. Recent evidence implicates much greater 
complexity in the dysregulation of dopamine and other neurotransmitter systems (Grace AA. 

1991. Phasic versus tonic dopamine release and the modulation of dopamine system 
responsivity: a hypothesis for the etiology of schizophrenia. Neuroscience 41:1 -24; Grace AA. 

1992. Hie dq>olari2ation bIo«jk hypoAesis of nwiroleptic action: implications for the etiology 
and treatment of schizophrenia. J Neural TYansm Suppl 36:91-13 1 ; Olie JP and Bayle FJ. 1997. 
New chemotherapy approaches to psychoses. Encephal Spec 2: 2-9). Some of this research ties 
schizophrenia to certain variations m dopamine receptors (Nakamura K, 1995. Symptomatologic 
characteristics and psychopathology of ejqttession of an "attack of altered perception" in 
schizophrenic patients. Seiskin Shinkeigaku ZassU 97:529-50; Seiretti A, Macciardi F & 
Smeraldi E. 1998. Dopamine receptor D2 Sei/Cys311 variant associated with disorganized 
symptomatology of schizophrenia. SOiizophrRes 34:207-10), while other research focuses on 
the serotonin system (Inayama Y, Yoneda H. Sakai T. et al.. 1996. Positive association between 
a DNA sequence variant m the serotonin 2A receptor gene and schizophrenia. Am J Med Genet 

■6 67:103-5). 

7 [0006] Seiotoninisakeyneurotransniitterinthecentralnervoussystan.anddysregulation 

8 ofserotonergicpathwayshasbeenhnpUcatedinthepalhogenesisofmanycomplexpsyduatric 

9 diseases. Polymorphisms ofmanyofthe genes involved hi serotonin biosynthesis, catabolism. 
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1 and response have been reported, suggesting that genetic variabiHty may underHe the 

2 development of diseases such as schizophrenia, obsessive compulsive disorder, and suicide. 

3 [00071 GABA (Y-aminobutyric acid) is a major neurotransmitt^ that mediates inhibitory 

4 transmission. GABA receptors are divided into two types, GABAa receptors and GABAb 

5 receptors. GABAa receptors are the major inhibitory neurotransmitter receptors. They are ligand- 

6 gated chloride ion channels that posses binding sites for many important drugs fliought to act, in 

7 part, through modulation of recqjtor function (Burt DR and Kamatchi GL, 1991 . GABAa 

8 receptor subtypes: from pharmacology to molecular biology. FASEB 5: 2916-2923). 

9 [0008] Abnormalities of the GABA system have been implicated in the pathophysiology 

10 of schizophrenia (Adel A et al„ 1999. Critical review of GABAergic drugs in the treatment of 

1 1 schizophrenia. J Clin Psychopharmacol 19: 222-232). Several studies have also shown that in 

12 cortical GABAa receptors, tritiated muscimol binding and levels of a, P2 and p3 subunits of the 

13 receptor increased. Moreover, the expression of the short isoform of the 72 subunit of this 

14 receptor may be markedly reduced in the dorsolateral prefrontal cortex (PFC) of schizophrenic 

1 5 subjects (Lewis DA, 2000. GABAergic local circuit neurons & prefrontal cortical dysfunction in 

16 schizophrenia. Brain Research Reviews 31: 270-276). 

1 7 [00091 GABAa receptors contain at least 18 subunits. They are located on the human 

18 chromosomes 1, 4, 5, 6, 15 and X. The a, pi^ and y subunit genes of GABAa receptor are genes 

19 that could be related to schizophrenia (Adel A et uL, 1999. Critical review of GABAergic drugs 

20 in ttie treatment of schizophrenia. J Clin Psychopharm 19: 222-232; Lewis DA, 2000. 

21 GABAergic local circuit neurons & prefrontal cortical dysfunction in schizophrenia. Brmn 

22 Research Reviews 31 : 270-276; Rapadimitrion G et al, 2001. Association between GABAa 

23 receptor as subunit gene locus and schizophrenia of a later age of onset. Neuropsychobiology 43 : 

24 14M44) 

25 [00101 The qti subunit is present predominantly in the cerebellum whereas the 0:5 subunit is 

26 prevalent in the hippocampus, and Ofe subunit is expressed ahnost exclusively within the 

27 cerebellar granule cell. The osi subunit constitutes a more minor receptor subtype is expressed 

28 primarily in the thalamus and the hippocampus (Mehta AK, Maharaj KT, 1999. An update on 

29 GABAa receptors. Brain Res Rev 29: 196-217). 
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1 {0011 J The subunit is a key structural and fimctional component of GABAa receptore. It 

2 was recognized as a potential binding site for GABA (Kiishek BJ et al, 1996. Homomeric A 

3 aminobutyric acidA receptor-ion channels: evaluation of pharmacological and physiological 

4 properties. Molecular Pharmacology 49: 494-504). The importance of jS subunit isofonns in 

5 governing GABAa receptor on subunit expression has been suggested (Kumar M et al, 2001, 

6 Antisense suppression of GABAa receptor Ps subunit levels in cultured cerebellar granule 

7 neurons demonstrates their importance in receptor expression. JNeurochem T1\ 21 1-219). The 

8 most prevalent ^ subunit is ft, which was most often associated with the oi subunit (Stephenson 

9 FA, 1995. The GABAa receptors. Biochem J310: 1^9). The ft subunit has two isofoims: long 

1 0 form ftL and short form ftg. The hftt cDNA sequence is identical to hfts except for a 1 14 base 

1 1 pair (38 amino acids) insertion within the large intracellular loop between transmembrane 

12 regions m and IV. This 1 14 base pair insertion sequence was searched for consensus 

[ 3 phosphorylation sites and was found to contain a motif for a cahnodulin-dependent protem 

14 kinase U (CDPK-II) with threonine as the acceptor. It has been proposed that benzodiazepines 

15 produce their anticonvulsant efifects by inhibiting brain calcium or calmodulin-depend^t protein 

16 kinase. Therefore, flie CDPK-H motif contained in the hftt insert could play a role in 

17 determining the pharmacology of GABAa receptors containing hfts veraus hj82L (McKinley DD 

18 et al., 1995. Cloning, sequence analysis and e3q)ression of two forms of mRNA coding for the 

19 humanftsubunitoftheGABAA receptor. Mo/5rawi?es 28: 175-179), Changes in /9 subunit 

10 composition may alter receptor fimction and pharmacology in vivo. Modulation of recq)tor 

11 function by phosphorylation is also influenced by jS subunit composition and contributes to 

12 increased inhibition during neuronal excitation (Russdc SJ et al., 2000. An initiator element 

23 mediates autologous down-regulation of the human ^e A ^-aminobutyric acid receptor ft 

24 subunit gene. Proc Natl Acad Sci 97: 8600-8605). 

25 [0012] The ^2 subunits are most likely associated with the ai subunit (Stephenson FA, 1995. 

26 The GABAa receptors. BiockemJ310: 1-9). The whole B2 sequence {GABRBI) could be 

27 obtained by re-organismg source sequences from the National Center for Biotechnology 

28 Information (NCBI) database by BLASTing the unoii^nised whole gene sequence with long 

29 form (1SIM_021911) and short form (NM_000813) mRNA. Reorganisation of the BLAST result 
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1 yields the complete sequence and distribution of exons and intions of the Sh subunit gene. The 
completesequenceofp2subunitgenecoversabout254kb. The long form transcript variant 
contains 10 exons totalling 1.5 kb. and the short fonn transcr^t variant contains 9 exons totaUing 
1.4 kb. Exon 9 which contains 113 bases in sequence is deleted fiom the short form transcript. 

5 [0013J While a number of reports have suggested a correlation between GABA^ receptors 

6 and schizophrenia (see above), the exact genetic basis for the correlation remains unclear. It is 

7 the object of tiie present invention to provide further genetic tools and methods to assist the 

8 diagnosis and treatment of schizophrenia. 

^ 1^14] Single Nucle otide Pnly mnrphicr^c 

miS] Single nucleotide polymorphisms (SNPs) represent one of the most common forms of 
genetic variation. These polymorphisms occur when a single nucleotide (A, G. C or T) m the 
genome is altered. The most common form of SNP is flie replacement of cytosine with thymine 
SNPs generaUy tend to be evolutionarily stable from generation to generation and, as such, can 
be used to study specific genetic abnormalities throughout a population. SNPs often occur in 
protem codmg regions and, as a result, may lead to the expression of a defective or variant form 
of aprotein. Such polymorphisms can therefore serve as effective indicators of genetic disease. 
However, not all SNPs are found m protein coding regions of the genome. Some SNPs are 
located in noncoding regions, but these polymorphisms may also lead to altered protein 
expression. SpecificaUy. SNP sites innoncoding regions may. for example, lead to differential 
and defective spUcing. In diseases such as schizophrenia, where a large mmiber of genes may 
influence the onset of the disease. SNPs can be used as diagnostic tools for identifying 
individuals with a predisposition for manifesting the disease, genotyping the patients suffering 
from the disease in terms of the genetic causes underlymg the condition, and fedlitating drug 
development based on the insight revealed regwding the lole of target proteins in the 

5 pathogenesis process. 

6 C00161 WhenSNPsareidentifiedandgenotypedinpatient8orin6milies,datamustbe 
analyzed to determine whether the association between an SNP and a disease is significant. Just 
as linkage is arelationship between loci, association is a relationship between alleles. Thus, an 
alternative to linkage mapping in fiuniUes is to search for statistical associations between one 
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1 aUele and the disease. The idea behind this approach is that if one aUele ml can diiecUy cause 

2 susceptibiUty to the disease. generaUy, possession of ml is generaUy not necessary or sufficient 

3 for someone to develop the disease, but its frequency should increase in the proband population 

4 compared to unaffected controls. The same should also be true for aU alleles in linkage 

5 disequiUbrium (LD) with aUele ml . Thus, SNP-based association studies can be performed in 

6 two ways: direct testing of a SNP with functional consequence for association, or using a SNP as 

7 a marker for LD. Therefore, a common core haplo^e involving several SNPs should be more 

8 frequent in probands coirq>ared to controls. 

9 [00171 Five SNPs have been previously r^orted in flie human GABRB2 gene 

10 (httpy/www.ncbijihn.nih.gov/SNPy). These SNPs have been identified as rsl8I6071, 

1 1 rsl816072, rsl94072, rs252944 and rsl87269. 

12 [0018] The preset invention seeks to provide a set of SNPs and their haplotypes for 

13 diagnoses of psychotic and affective disorders such as schizophrenia and identifying appropriate 

14 target proteins fi>r drug development 

15 

6 SUMMARY OF THE INVENTION 

:7 [0019] J&i one anbodimait,flieiHBsent invention iMovides an isolated polynucleotide having 

.8 a nucleotide sequence comprising corresponding to SEQ ID NO: 1, the polynucleotide 

.9 comprising a portion of the huinan<ri4BK2?2gaie including a polymorphic site at position 1584 

50 of intron 7. 

51 [0020] In another enibodiment,lhe invention provides a PCR primer set for an^lifydng 

52 regions of a polynucleotide corresponding to SEQ ID NO: 1, the primer set comprismg a first 

3 primer having a sequence corre^onding or conqilraientary to a sequence corresponding to SEQ 

54 ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6. SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, 

15 and a second prima- having a sequence corresponding or conq>lementary to a sequence 

:6 corresponding to SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 

:7 llorSEQIDNO: 13. 

:8 [00211 In yet another embodiment, the inv^tion provides a method ofpredicting whether an 

;9 individual is more or less likely to suffer fix>m sdiizophrenia comprising: 

(O0S3S^0O3-CA) 
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a) detennining the nucleotide sequence fiom a nucleic acid sample fiom the individual; 



b) identifying DNA sequences corresponding to one or more SNPs selected from the 
group consisting of: I7GI584T. rsl816071, rsl816072. rsl94072. rs252944 and rsl87269 of the 
human GABJiB2 gene, or other genetic markers in the same h^lotype as. or in linkage 

6 disequilibrhun with, one or more of the SNPs. 

7 [0022] IQ yet another embodiment, the present invention provides a method of genotyping 

8 the schizophrenia-spectrum disorder of a patient in older to provide pharmacogenetic guidance 

9 for drug flierq)y for the patient, comprismg: 

10 [0023J a) determining the nucleotide sequence fiom a nucleic acid sample fiom a 
: 1 schizophroiic patient; and 

.2 [0024] b) identifying DNA sequences corresponding to one or more SNPs selected from the 
.3 groiq> consisting of: nG1584T. isl816071, rsl816072. rsl94072, rs252944 and rsl87269 of the 

4 human GABSB2 gene, or other genetic markers in the same haplotype as. or in Ihikage 

5 disequilibrium with, one or more offlie the SNPs. 

6 [0025] In another embodiment, the invention provides a method of drug screening for 

7 identifying drugs for treating schizophrenic disorders, the method comprising: 

8 a) transfccting a vector into a eukaiyotio expression system, the vector containing a 

9 DNA sequence conesponding to at least a portion of the human GABItB2 gene, the portion of the 

0 GABRB2 gene including one or more SNPs chosen fiom the group consisting ofi I7G1584T. ' 

1 181816071, rsl816072.rsl94072.rs252944 and rsl87269; 

2 b) «q»essing the vector in a cellular expression system; 

3 c) adding a drug to be screened into tiieceUular system; 

4 d) analyzing the expression of the GABRB2 gene encoding GABAa receptor P2 

5 subunit and also analysing the expression and resultant activity of the GABAa receptor in the 

6 cellular system; 

7 e) determining the efiFect of the drugs on the expression of the GABAa fc subunit 

8 and the GABAa receptor, and (he activity of the expressed GABAa receptor in the cellular 

9 system; and, 
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1 f) identifyingthosednigsthatalterthelevelsoftheexpresaonofG^JZfl^gena 

3 BRIEF DESC3UPTION OF THE DRAWINGS 

4 [00261 These and other features of the preferred embodiments of the invention wiU become 

5 more q,parent in (he foUowing detaUed description in which reference is made to the appended 

6 drawings wherein: • 

7 I0027I Figure la is anucleotide sequence of Exon 7. Exon 8 and the Intron 7 between such 

8 exons of the human GABRB2 gene comprising the three SNPs I7G1584T, rsl816071 and 

9 rsl816072. 

0 [0028J Figure lb is a nucleotide sequence of Exon 7. Exon 8 and the Intion 7 between such 

1 exons of flie human GABItB2 gene comprising die two SNPs rsl94072 and rs252944. 

2 [0029] Figure 2 is a nucleotide sequence of Exon 8, Exon 9 and the Intron 8 between such 

3 exons ofthe human a45iifi2 gene comprising flieSNPisl87269. 

4 [0030] Figure 3 shows the locations oflhe SNPs I7G1584T, 181816071. IB1816072. 

5 *sl94072,rs252944 and rsl87269ofthe human G^iiff^ gene. 

6 [0031] Figure 4 ^ows data obtained fiom the sequencmg gel of the flanking regions around 

7 tiie SNPs I7G1584T, isl816071, n!l816072, rsl94072, is252944 and r8l87269 
8 

9 DESCRIPTION OF THE PREFERRED EMBODIMENT 

0 10032] "niebelowtennsareusedthrougihoutthepresent^licationandwiUbeassumedto 

1 have the following definitions: 

2 10033] The term "allele" is used herein to refer to variants of anucleotide sequence. 

3 [0034] The term "antisense- is used herein, to refer to a complementary strand of a coding 
sequence of DNA or RNA. Such coding sequence may contain, for example, a SNP of interest 
Copies of antisense polynucleotides can be introduced into a ceU or organism to inhibit 
expression of a corresponding gene or to alter the spUcing of mRNA in specific regions. 
Antisense polynucleotides are entirely or substantiaUy conq>lementary to a target polynucleotide 
and have tiie abiUty to specifically hybridize to such target polynucleotide. 
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1 10034) Thetemis"coinplementaiy''and«coniplemennasusedlie^ 

2 polynucleotide sequences which are capable of base pairing >vith another polynucleotide 

3 throughout the complementary region. 

4 100351 The teim "h^lotype" refers to a series of known DNA sequences linked on a 

5 chromosome. Hie known DNA sequences can be in the form of SNPs or other maricers. A 
5 h^lotype may refer to a combination of polymorphisms found in an individual that may be 
7 associated with a phenotype. 

i I0036J Theterm"genotype''refers to the genetic constitution of an organism. More 
) specifically.thetennreferstotheidentityofaUelespresentinanindividual. «Genotyping"of an 
individual or a DNA sample refers to identi^g the nature, in terms of riucleotide bases, of a 
specific allele possessed by an individual at a known polymorphic site. 

100371 The term "polymorphism", as used herein, refers to the coexistence of more than one 
form of gene orportion thereof in a population. "Polymorphic" refers to the condition in which 
two or more variants of a specific genomic sequence can be found in a population. A 
>»lymorphic site" refers to a locus at which variations in nucleotide sequence occur. 
[00381 The terms "oUgonucleotide" and '•polynucleotide" as used in the present application 
refer to RNA. DNA or hybrid RNA/DNA sequences being of greater than one nucleotide in 
length. Such sequences may exist in either single or double-stranded fonn. 
100391 Hie term "PCR". as used herein, refers to the polymerase chain reaction. PGR is a 
method of amplifying a DNA base sequence using a heat stable polymerase and a pair of 
primers, one primer complementary to the (+).strand at one end of the sequence to be amplified 
and the other primer complementary to the (-) strand at the other end of the sequence to be 
ampKfied. Newly synthesized DNA strands can subsequently serve as templates for the same 
primer sequences and successive rounds of primer annealmg. strand ekmgalian. and dissociation 

producerapidandhighlyspecificamplificationofthedesiiedsequence. PGR can be used to 
detect the existence of a defined sequence in a DNA sample. 

[0040] The term "primer", as used herein, refers to a short smgle-stianded oUgonucleotide 
capable of hybridizing to a complementary sequence in a DNA sample. -Hie primer serves as an 
initiation point for template dependent DNA synthesis. Deoxyribonucleotides can be added to a 
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primer by a DNA polymaase. A "primer pair" or '^rimw set" refers to a set of primras 
including a 5'upstream primer that hybridizes with the 5' end of the DNA sequence to be 
amplified and a 3', downstream primer that hybridizes with the complement of the 3* end of the 

4 DNA sequence to be amplified. 

5 [00411 The term "exon" refers to the protein coding DNA sequence of a gene. 

6 [00421 The term *-intron'* or "intronic region" refers to DNA base sequences inteinipting the 
protein-coding sequences of a gene. These sequences are transcribed into RNA but are cut out of 

8 the RNA before it is translated into protein. 

9 [00431 The present invention relates. generaUy. to single nucleotide polymorphisms (SNPs) 
associated with the etiopathogenesis of schizophrenia. As found by the present inventors, 
individuals possessing certain SNPs, or their complementary regions, have been found to have an 
increased susceptibiUty to a schizophrenia spectrum disorder. These disorders have been linked 
to mutations of the GABRB2 gene. As indicated above, the GABItB2 gene encodes the subumt 

♦ of human gamma-aminobutyric acid type A receptor. 

[0044] In one aspect, the present mvention provides an association of certain SNP sites with 
schizophrenia disorders. These SNPs are as follows: rsl816071, rsl816072, rsl94072, 
rs252944, and rsl 87269. These SNPs are present in the intions preceding and foUowing Exon 8 
of GABRB2, and the h^lotype or h^lotypes containing one or more of these six SNPs. Hie 
above listed SNPs are known in the art but have not been previously associated with 
schizophroiia disorders. 

I I004SI According to another embodiment, the present invention provides a further, 

! previously unknown SNP, also associated with schizophrenia disorders. This SNP, referred to 

» herein as SNP I7G1584T, is found in intion 7 of the OABJtB2 gene. This inlron is the region 

I between Exons 7 and 8 of the afiirementioned gene. The methodology used to identify this SNP 

> is provided below. 

» [00461 Results oflinkagp disequilibrium or association analysis ofthe above mentioned six 

' SNPs are shown m Tables 1 and 2(provided herein below), which present data concerning the 

i correlation between each aUele and genotype firequency with schizophienia. In Tables 1 and 2. 

> "SCH"rq»resents schizophrenic patients and "CON" represents normal controls. Statistical 
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testing of the data shows that the six SNPs I7G1584T. rsl816071, rsl 8 16072. re 194072. 
IS252944 and rsl87269 in the 6. sub^mit gene are significanUy associated at the aUeUc level with 
schizophrenia, withp < 0.05; and that the five SNPs I7G1584T. rsl816071. B194072. is252944 
and rsl87269 aie significantly associated at the genotypic level with schizophrenia, with/, <0.05. 
Therefore, these various SNPs may serve as potential genetic fectois linked to the 
S etiopa^genesis of schizophr^a. 

7 10047J Accordingly, in one aspect, the present invention provides a method of detecting the 
' SNPs nG1584T. 181816071. njl816072. rsl94072. rs252944. and rsl87269. and their associated 
haplotypes. for the diagnosis of susceptibility to schizophrenia, the genotyping of cases of 
schizophrenia, and to render GAB Aa receptors containing a subunit as potentially usefol 
target protein systems for Itae screening and development of dnigs to treat the disease. 
C00481 Figure la depicts a nucleotide sequence containing Bxon 7, Exon 8 and tiie hitron 7 
betwea such exons in the human GABltB2 gene. Jn Figure 1 a. flie SNP I7G1584T is identified 
by a rectangular box with soUd lines. The SNP r8l816071 is identified by a rectangular box with 
dashed lines, and the SNP isl816072 is identified by a rectangular box with a double sohd line. 
Exon 7 is underlined with a double dashed line. Exon 8 is underlined with a single dashed line. 
The PCR-amplified region containing I7G1584T. rsl816071 and rsl816072 is underlined witti a 
solid line. 

10049] In Figure lb, the SNP r8l94072 is identified by a rectangular box with solid lines. 
The SNP rs252944 is identified by a rectangular box with dashed lines. Bxon 7 is underlined 
with a double dashed line. Exon 8 is underlined witii a single dashed line. The PCR-amplified 
region containing r8l94072 is underlined with a solid line. The PCR-amphfied region containing 
rs2S2944 is shown in bold type.- 

lOOSOJ Refening now to Figure 2. a nucleotide sequence of Exon 8, Exon 9 and the Ihtion 8 

between such exons of the human GABRB2 gene is presented. Hie SNP rsl87269 is identified 

by a rectangular box with a soUd line. Exon 8 is shown in bold type and Exon 9 is underlined 

with a dashed line. The PCR-amplified region is underlined witii a solid line. 

[0051 J The above-mentioned figures present the SNPs which have been associated with Oe 

schizophrenia. 
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100521 a is another aspect of the present invention to provide a method of sci^ening and 
diagnosing the occurrence and genotype of schizophrenia by analyzing the sequences of the 
GABA receptor gene, namely GABRB2, in order to identify the allele and/or genotype and/or 
haplotype of the subject at SNP I7G1584T. rsl816071. r.1816072, rsl94072 or is252944 or 
B187269 or a combination including any number of these six SNPs. The method includes 
obtaining human DNA In sufficient quantity for sequence analysis, and identi^g the nature of 
the base at one or more of these SNP positions in the human GABRB2 gene. ITxe method used 
may mvolve common techniques such as PCR. under the same conditions and using the same 
prmieis as described below in &e examples provided for detection of nucleotide sequences 
associated with schizophrenia. foUowed by DNA sequence analysis. Alternate primers upstream 
and downstream of these six SNP positions may also be used and may be detemiined by one 
sbUed m the art without midue experimentation. Any other methods useful for SNP genotype 
and haplotype analysis may be appUed to identify the variants at the six SNP sites and other 
markers in the same haplotype as. or in linkage disequilftrium with, the six SNPs. 
[00531 The exan^les contained in the present application include methods for screening 
and/or diagnosing schizophrenic disorders. In summary, the invention provides that if the base T 
is found at I7G1584T. the subject may be at higher risk for developing schizophrenia than if G is 
found at this position. If the base G is found at rsl816071, the subject may be at higher risk for 
developing schizophrenia than if A is found at this position. If the base C is found at rsl816072 
and/ or rsl 94072 and/ or rs 1 87269. the subject may be at higher risk for developing 
schizophrenia than if T is found at this position. Likewise, if the base C is found at position 
IS252944. the subject may be at a hi^er risk for developing schizophrenia than if G is found at 
this position. 

(00541 Referring to Figure 3. a schematic diagram presenting the distribution of exons in the 
genome nucleotide sequence of the human GABRB2 gene is provided. Hie figure depicts the 
locations of the SNP sites I7G1584T. rsl816071. rsl816072. rsl94072. rs252944 and rsl87269 
m GABRB2, which can be used in an embodiment of the present invention for determining if an 
mdividual has apredi^osition for schizophrenia. 
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1 I005S1 The above mentioned polymoiphisms can be used in diagnostic tests in order to 

2 identify individuals who have a predisposition for developing schizophrenia. Such diagnostic 

3 tests may utilize a number of technologies known in the art including, use of DNA chip methods 

4 (such as GenFIex™ Tag, Afiymetrix) and DNA immobilization on beads (such as SIGNET™ Y- 

5 SNP Identification System. MarUgen Bioscience, Inc.), ABI Prism® SNPaPshot™ Multiplex 
5 System (Applied Biosystems Inc.) and Pyrosequencing™ (Pyrosequencing AB). Diagnostic 
7 tests can also be conducted using allele specific primers, allele specific probes, directing 

sequencing of tiie intron of interest, and denaturing gradient gel electrophoresis. The present 
invention therefore provides a method of diagnosing an individual with schizophrenia, or an 
individual with a predisposition to schizophrenia, by detennining flie presence or absence of a 
GABRB2 h^lotype. Such haplotype would include the SNP sites I7G1584T, rsl816071, 
rsl816072, rsl94072, rs252944 and rsl 87269. 

I0056I In yet another aspect of the present invention, synthetic or recombinant DNA 
molecules are provided for diagnostic purpose. Such molecules comprise a sequence 
encompassing one or two or three of the SNPs I7G1584T, rsl816071. rsl816072, rsl94072, 
IS252944 and rsl 87269. in one or both their aUeHc fonns, and their flanking regions, and any 
haplotype or haplotypes associated with one of more of these six SNPs. as well as any genetic 
locus or loci in linkage disequihTirium with the six SNPs. with respect to one or both DNA 
strands of die GABRB2 gene. 

I0057J In an additional embodiment of the present invention, a method is provided for 
screening therapeutic drugs for treatment of schizophrenia, based on the correlation between the 
novel SNP I7G1584T, the SNPs rsl816071. r8l816072, isl94072. re252944. and rsl87269. and 
the disease. Because these six SNPs are located in the intron regions ofGABRBl, tiiey may 
modulate the synthesis mRNA splicing and the activity of GABAa receptors containing the 
subunit. To detect such modulation, a GABRB2 gene containing different combinations of the 
different aUeUc fonns of these six SNPs maybe cloned, and expressed along with other GABAa 
subunit genes, by means of appropriate expression vectors in ceU lines such as P12 (ATCC, The 
Global Bioresouroe Center™), and using coiiunonly used transfection kits such as the CellPhect 
Transfection Kit (Amersham Pharmacia Biotech.Inc..USA), and ProFection® MammaUan 
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Wection Systems (Promega Coporation). The ceU line may or may not be of neun^aal 
ongm. Transfection efficiency can be enhance d by using a number of reagents knovm in the art 
including, for example, calcium phosphate (Life Technologies Inc.). 

4 [00S81 I«^*he event that one or more of the SNP-sI7Gl584T.rsl816071.rsl816072 

rsl94072. ,s252944 and rsl 87289. in their schizophrenia-associated aUelic fonn. should'alter the 
expressed activity of GABA. receptor through a modification of the short form/long form ratio 
some structural feature, or the amount of the expressed subunit. the above mentioned cellula^ 
system also may be employed to screen and search for compounds that can restore the normal 
level of expressed activity of GABA^ receptor. Such compounds may be potentiaUy useful 
candidate drugs for the treatment of schizophrenia. 

10089] TTie mvention further provides kits for detection of SNP sites associated with 
schizophrenia. 

10060] To detect the SNPs of interest by DNA sequencing or other genotjT,ing methods, a 

PCRisperfoxmedtoampKfytheDNAsegmentofatestsubjectcontainingoneormoreofth^ 
SNPs I7G1584T. rsl816071. rsl816072. rsI94072. ,s252944 and rsl87269. and the PGR 
products are subjected to DNA sequencing or other genotyping methods such as single-base 
extension or microanay-based sequence-specific oligonucleotide probe hybridization, to 
determine the aMeUc form or forms of the polymorphism(s). The results may be analysed by 
computer software packages such as POLYPHRBD™ and CONSED™ for DNA sequencing 
data, or other suitable software. A kit that may serve such detection may contain, for example 
one or more of the following components inchiding: PGR primers, allele specific probes DNA 
polymerase. PGR reaction buffer, magnesium chloride and four deoxynucleotides for use in a 
PGR reaction or extension of probe sequences. In addition, if a sequencing reaction is conducted 
a kit may also include, sequencing primers. DNA polymerase, four hibelled dideoxynucleotides. 
and four un-labelled deoxynucleotides. 

10061 J fa cases where genotyping methods do not require PGR ampKfication of DNA are 
«npIoyed. the DNA of a test subject can be directly used in experim«.tal characterization of the 
SIX SNPs. and the haplotype or haplotypes associated with the six SNPs. 
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[0062] The present invention also provides a method of drug screening oomprisiDg the steps 

oft 

[0063 J (a) Transfecting a vector into a eukaryotic expression system, the vector containiqg 

the DNA sequence corresponding to part or aU of the human GABRB2 gene, by itself or along 

with other genes encoding the proteins of the human GABAa receptor; 

[00641 (b) Expressing the vector in the ceUuIar expression system; 

[00651 (c) Adding a drug to be screened into the cellular system 

[00661 (d) Analyzing the gene expression of the GABRB2 gene encoding the GABAa 

recq)tor p2 subunit, the GABRB2 gene being in aU possible aUelic combinations relating to the 

SNPs I7G1584T, rsl816071. rsl816072. rsl94072, rs252944 and rsl87269. and also analysing 

the expression and resultant activity of the GABAa receptor m the cellular system. 

[0067] (e) Detetmining the effect of chanical compounds or preparations on the cellular 

system with respect to the expression of GABAa subunit and the GABAa iweptor, and the 

activity of the expressed GABAa reenter in the cellular system. 

[0068] The chemical compounds or preparations so identified are potentially usefol 

candidate drags fat the treatment of schizophrenia. 

[00691 While the novel SNP nG1584T, and the SNPs rsl816071, rsl816072, rsl94072, 
rs252944 and n!l87269 may be used singly or jointly for diagnostic or drug development 
purposes, one or more genetic markers belonging to tfie same haplotype as, or in linkage 
disequiUbrium with, one or more of fliese six SNPs. may also be employed for tiiese purposes. 
[00701 Furthermore, whfle the PGR and DNA sequencing methods described below in 
Example I, and similar metiiods such as DNA sequencing by means of pyrosequencing 
(Pyrosequendng AB), can reveal the genotype of a test DNA sample in terms of the SNPs 
I7G1584T. rsl816071, rsl816072, rsl94072. rs252944 and rsl87269. alternative metiiods can 
also be employed for tiiis purpose. Such alternate methods include flie use of DNA chip metiiods 
(such as GenFlex™ Tag. Af^etrix) and DNA immobilization on beads (sucb as SIGNET™ Y- 
SNP Identification System, MarUgen Bioscience, Inc.), instead of DNA sequencing, and metiiods 
using single DNA molecule sequencmg instead of PGR (such as ABI Prism® SNPaPshot'** 
Multiplex System, Applied Biosystems Inc.). 

m536-0003-CA) 

190291-321053 15 
WO-RED mi82234 v. 1 



CA 02423327 2003-04-02 



1 10071] The examples presented below are provided to illustrate fiie present inventiQii and are 

2 not meant to limit the scope of the invention as will be apparent to persons skilled in the art. 
3 

* I^^l EXAMPLE 1: Mentificatinn n f the NnvPl SNP site otih^ T«vpnrt»... 

5 [00731 The novel SNP I7G1584T of the invention was identified in the method as described 

6 below. 

7 [00741 For discovery of SNPs within the region of interest, specific primers were designed in 

8 anadjacent.primerK>verlapping-200.base-pairmanner by usingthe online primer designation 
program, PrimerS™ (http://www-genome.wi.mitedu/cgi-bin/primer/primer3_www.cgi). The 
specificity of each suggested primer to the human genome was checked through BLAST™ 
(National Center for Biotechnology Information - http://www.ncbijdmjuh.gov/BLAST). Only 
both forward and reverse primers with less than 5 hits to human genome were considered as 
specific primos and employed. 

i [00751 PCR was preformed in a final vohune of 20 ^1 contaimng: 10 ng sample DNA fiom 
> dtiier controls or patients; 0.075 Mmole^ of each primer; 500 pmol/L of each dNTP; 2.5 

nunol/LMgCl2; and lU Tag-^ polymerase (Amersham Pharmacia Biotech, hic. USA). CSradient 
PCR was engaged initially to determine the optimum annealing temperature for each pair of 
pjm^ Examples of primer sequences and their optimum annealing temperatures are hsted in 
^tliteP) PCR anq>Ufication consisted of denaturatiou at 94''C for 5 min foUowed by 40 cycles of 
1 miri at 94»C. 1 min at optimum annealing temperature for each pair of primers to DNA 
template, 1.5 min at 72'C and a final extension step at 72«C for 5 min. PCR products were tiien 
resolved usmg 1.5% agarose gel electnipluffesis and staining with etfaidium bromide to confirm 
desired and specific products generated. PCR products were purified by Multiscreen™ PCR^ 
Purification kit (Millipore Ck>tporation, Bedford, USA). 

[00761 DiswveryofSNPswiflrinflier^onofinterestwerepreformedbyauto-sequencing 
of PCR firagments on bofli strands. The sequencing reactions contained: 2 /A BigDye™ 
Terminator Cycle Sequencing Ready Reaction Kit (PB Applied Biosystems); S/d purified PCR 
products; and 1 mmol/L of primer. Sequencing cycling conditions consisted of 1 min 
denaturation at 96»C foUowed by 34 cycles of 96»C for 30sec, 50»C for BOsec and 60*C for 
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1 Smin. Sequencing products were purified by AutoSeqPS™ p,ates cobtainmg DNA Grade 

2 Sephadex^ G-SO (Amersham Phannacia Biotech, Inc, USA). Purified sequencing products 



were then denatured at 95»C for 5 min with addition of 5^ Hi-Deionized Fonnamide. Daiatuied 
sequencmg products were run on the ABI Prism model 3100 DNA sequencer according to ABI 
protocols. 

[00771 Sequence data were aligned and analyzed for SNPs by POLYPHRED™ software 
(Nickerson DA, Tobe VO & Talylor SL, 1997 Nucleic Acids Res. 15; 25: 2745-5 1) and 
CONSED™ software (GordonD, Abajian C and Green P. 1998 Genome Res. 8: 195-202). 

' ^^XAMPLE 2; Detection of Nucleotide Si^n..Hc e 8 Associated wjfl, Sghb=nnh^ »«, 

I I0078I This exanq>le describes the protocol utilized to find and test forihe presence of one or 

I mote the above-mentioned SNPs. this example. PCR-an^lified products axe synthesized to 

f encompass Oe target regions of human GABAa receptor pj subunit of the GABRB2 gene. A pair 

I of primers, specific to each of these regions, and which can be used for amplification, are shown 

i in Table 3. 
» 

Table 3 The Primers of ft Subunit Genes for Bn t h PCR and nWTA Seanenctoa 



Cluster m 
ofdbSNP 


Forward primer 


Reverse primer 


Optimum annealing 
temperature for 
PCR 


I7G1584T 


atggaggaaaggtccatatctagt 
(SEQ ID NO: 12) 


cctctaagctgtaatcggaaggta 
(SEQ ID NO: 13) 




rsI816071 


atggaggaaaggtccatatctagt 
(SEQ ID NO:10) 


cctctaagctgtaatcggaaggta 
(SEQ ID NO: 11) 


62**C 


rsl816072 


atggaggaaaggtccatatctagt 
(SEQ ID NO: 8} 


cctctaagctgtaatcggaaggta 
(SEQ ID NO: 9) 


62*»C 


rsl 94072 


taccttccgattacagcttagagg 
(SEQ ID NO:2) 


tggagaggactctaggtcaacttt 
(SEQ ID NO:3) 


64*'C 


rs252944 


cacaatgatttttccgagaccat 
(SEQ ID NO: 4) 


ttgtaaagctattgtccagcaagt 
(SEQ ID NO: 5) 


62*C 


rsl 87269 


agcacttgctgcactaacagaata 
(SEQ ID NO: 6} 


agacaatgcctaatgtcctctgg 
(SEQ ID NO: 7} . 


62«C 
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^ ^^"''^J PCR Amplification of SNP Containing Rerinn. «nH ^. ^ nendno nf A,nT .H^>H 

2 Regions 

I0080I The foUowing reagents were used for amplification reactions for ampli^g the 
regions of interest: 2 ^\ of PGR buffer (Amersham Phannacia Biotech. Inc. USA); 2.5 mM 
MgClj; 500 nM dNTPs; 0.075 ,tM of each primer; 1 0 ng DNA; and 1 U Taq™ DNA polymerase 
(Amersham Phannacia Biotech. Inc., USA); in a total volume of 20 jU. 
10081] PGR amplification was performed in the PTC-200™ Peltier tbennalKjycler (MI 
Research. Inc.) and RoboCycler™ (Stratagene. USA) using 96-weU microplates under the 
foUowing thermal cycle conditions: 5 minutes at 94 «C for denaturation; and 40 cycles for 
optimal DNA amplification that entailed denaturation at 94 "C for 30 seconds, annealing at 60 X 
- 62 *C for 30 seconds, and polymaization at 72 °C for 1.5 minutes. 
[00821 The PGR products were purified using a MultiScreen®-PCR kit, (Millipore 
Coiporation. Bedford. USA), and were directly sequenced using a BigDye™ Terminator Cycle 
Sequencing Ready Reaction Kit (PE AppUed Biosystems) under the foUowing conditions: 96 'C 
for 1 minute foUowed by 34 cycles of 96 "C for 30 seconds. 50 »C for 15 seconds, and 60 »C for 
3 minutes. 

[00831 . Sequencing products were purified by AutoSeq96™ Plates containing DNA Grade 
SephadexTM G.50 (Am«sham Phaimacia Biotech, Inc. USA). Purified sequencing products 
were then denatured at 95»C for 5 min with addition of 5^1 Hi-Deionized Fonnamide. 
Denatured sequencing products were run on the ABI Prism model 3100 DNA sequencer 
according to ABI protocols. Sequence data were aligned and analyzed for SNPs by 
POLYPHRED™ software (Nickerson DA. Tobe VO & Talylor SL. 1997 Nucleic Acids Res. 15; 
25: 2745-51) and CONSED™ software (CSordonD.AbajianC and Green P. 1998 Genome Res. ' 
8: 195-202). Each PCR product was sequenced from both ends using the same primere as those 
utilized for the DNA amplification described above. 

[00841 The DNA sequencing results using diis procedure are shown in Table 1. This table 
shows the nature of the SNP bases in samples fit>m control (CON) and schizophrenic (SCH) 
subjects in term of die alleUc form of the six SNPs examined. 
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(0085J Although one method of detectu^g the six polyn.on,hic sites associated with 

schazoph^niaisprovided above, it Will beunderstccdbypersonsskm^ 

d^^onmethods n«yaUK,be utilized. For exarnple, detection can also^ 
ah^^u^alleles^ficp^besdesignedtoidentifythepr^^^^ 

SNP site. aUelespec^ficprimerextension^actions. and singlebasepri^^ 

rs252944 an^ rsJ872fi<> p« <vmomhfamo ' ' 

^0871 For the novel SNP I7G1584T. and the five SNPs rsl816071, rsl816072 rsl94072 
«252944and.l87269.theDNAse.uencingresultsi„Table 1 t^mheal^ 
Schizophrenics satisfying DSM IV criteria (Anierica« Psychiatric Association. 1 994) were 

analysed by genotypinginorder to detenninewheth^ the aforementioned SM^^ 

Ma^hanmc^ri^ofschizophrenia. Identification of SNPs was conducted using the prime., 
and sequencmg method as described in Example 2. 



10088] 



Table 1; Forms of SNP^ #he GAniiR7 r-n^^ 



Cluster ID of 
dbSNP 




Allele 




Genotype 




CON 


SCH 




CON 


SCH 


I7G1584T 


G 


163 


185 


G/G 


72 


72 


T 


21 




G/T 


19 


41 




Total 


184 


55 
240 


T/T 


1 


7 




A 


137 


142 


Total 
A/A 


92 
56 


120 
51 


rsl816071 


G 


37 
174 




A/G 


25 


40 




Total 


82 
224 


G/G 
Total 


6 
87 


21 
112 
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rsl816072 


T 


131 


125 


T/T 


44 


^7 


C 
Total 


71 

202 


105 
230 


- T/C 


43 


51 




C/C 


14 


27 


nl94072 


T 


173 




Tnfsil 

T/T 


101 
77 


115 

/J 


C 
Total 


23 
196 


56 
240 


T/C 


19 


38 




OC 

Tni'ol 


2 


9 




G 


240 




G/G 


98 
104 


120 


rs252944 


C 


36 




G/C 


32 


38 




Total 


276 


52 
200 


ac 


2 


7 




T 


284 


188 


Total 
T/T 


138 
117 


100 
70 


rsl87269 


C 
Total 


58 
342 




T/C 


50 


48 




74 
262 


C/C 
Total 


4 

171 


13 
131 



00891 As *ow„ in Table 2. the Chi-square test for comparing the genotypes of Controls 
(CON) and Schizophrenics (SCH) shows a very significant increase of homozygote T/T carriers 
of novel SNP I7G1584T. homozygote G/G carriers of rsl816071 and homozygote C/C earners 
of rsl816072. rsl94072. rs252944 and rsl87269 among schizophrenics. Tie comparison of 
aUele fiequencies also indicates a highly significant increase in T of novel SNP I7G1584T G of 
rsl816071 and C of r^l816072. rsl94072. rs252994 and r«187269 m Schizophrenics m 
comparison to Controls. 

[00901 Table 2 shows the ftequency distribution of genotypes and alleles for the novel SNP 
I7GI584T. and the SNPs rsl816071. rsl816072. rsl94072, rs252944 and isl87269 
polymorphisms. Table 2 shows the;, values fiom the Chi-square test, odds ratios (OR) and 95% 
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confidence interval (95% CI) in comparing the following samples: a) 120 Schizophrenics (SCH) 
and 92 Controls (CON) for novel SNP I7G1584T; b) 1 12 Schizophrenics and 87 Controls for 
rsl816072; c) 115 Schizophrenics and 101 Controls for rsl816072; d) 120 Schizophienics and 
98 Controls forrsl94072; e) 100 Schizophrenics and 138 Controls for rs252944; andf) 131 
Schizophr^cs and 171 Controls for rsl87269. All the Controls and Schizophrenics were Aim 
Chinese. The statistic software Prism3™ version 3.02 was used for aUele and genotype 
significance testing. 

I^^^^^I Table 2; Association of SNP s in the GARIIB2 Gene with Schizi>nhri.B.a, 





Allele 


ansterBDof 
dbSNP 


r7GlS84T 


rsl816071 


rsl816072 


rsl94072 


rs252944 


rsl87269 


Value 


0.0022 


0.0009 


0.0266 


0.0018 


0.0003 


0.0009 


OR 


2.308 


2.138 


1.55 


2.289 


2.342 


1.927 


95% CI 


1.338-3.981 


1.358- 

3.366 


1.051- 
2.285 


1.350- 
3.882 


1.460- 
3.755 


1.305- 
2.847 




Genotype 






CiiisterlDof 
dbSNP 


I7G1584T 


rsl816071 


rsl816072 


rsl94072 


rs252944 


rsl87269 


p Value 


0.011 


0.0109 


0.1044 


0.0125 


0.0018 


0.0031 


OR 














95% CI 















1 

2 
3 
4 



[00921 Table 4 below shows the estimated firequencies for certain haplotypes of the six SNPs 
and the significance of their association with schizophrenia (SCH) in comparison to unaffected 
controls (CON). Maximum likelihood h^lotype firequencies between possible SNP h^lotype 
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1 were estimated by the Expectation-Maximization algoriflim (Slatkdn M, Excoffier L, 1996). 

2 Testing for linkage diseqmlibriimi in genotypic data using the expectation-maximization 

3 algorithm. Heredity 76:377-383) using flie program SNPHAP™ 

4 (http^/ww Jjgmp jnrc,ac.uk/Menu/He^/snphap) under Haidy-Weinberg assumption of gamete 

5 indq)endence. Association analyses were performed by comparing the haplotype fiequencies of 

6 Controls and Schizophrenics through the Cari-square test Association of schizophrenia and 

7 estimated two-loci and six-loci haplotype were accessed by CLUMP™ 

8 (http://wwwJigmp.mrc,ac.uk/Registered/Help/clump/) (Sham PC and Curtis D, 1995. Monte 

9 Carlo tests for associations between disease and alleles at highly polymorphic loci. Ann Hum 

0 Genet 59: 97- 1 05) to yield the Chi-square value and its corresponding p value. 

1 [00931 The novel SNP I7G1 584T, and the SNPs rsl816071, rsl816072, rsl94072 and 

2 rs252944 SNP are located between Exons 7 and 8, and the rsl 87269 SNP is located betweens 

3 Exon 8 and 9. Exon 9 is present in the long form variant of the p2 subunit of GABAa receptor 

A . mRNA but absent from the short form variant. These six SNPs are thus located close to a region 

5 that may play a role in modulating the properties and/or quantity of p2 incorporated into GAB Aa 

6 receptors, includmg but not limited to the alternative splicing of the GABRB2 mRNA to yield the 
.7 short form versus the long form of ^2* 

8 

9 Table 4; H aplotype Frequencies and Significance of Association with Schizophrenia 



Haplotype 


Frequency % 




P(OR;9S%CI) 




CON 


SCH 


I7G1584T-rsl816071 






16.95,3 


0.00074 


G-A 


76.81 


59.85 






G-G 


11.78 


18.02 






T-A 


0.00 


3.75 






T-G 


11.41 


18.38 






vs. G-A + G-G + T-A 






3.70. 1 


0.054 n .725; 0.9855-3.019) 


I7G1584T-rslS7269 






12.89,3 


0.0049 


G-T 


81.70 


6738 






G-C 


6.9 


11.36 






C-T 


1.45 


3.10 






C-C 


9.95 


18.16 






OC vs. GT + G-C + C-T 






6.738. 1 


0.0094 (2.04; 1.182-3323) 


r5l816071-rsl816072 






17.44, 3 


0.000583 



(oosse-ooos-CA) 
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A-T 

G-T 
G-C 

G-C vs, A>T + A-C -t- G-T 

ral816071-ral872ico 

A-T 

A<: 

G-T 
G-C 

G-C vs. A^T + A-C + G-T 


66.71 
12.36 
1.31 
19.62 


I 48.02 
15.76 
6.16 
30.07 


5,44.1 


0,0197(1.733: 1.089-2.758) 


75.0 
2^1 
8.98 
13.51 


55.13 
9.55 
13.73 
21.59 


22.90 
5.45 


0.000043 

0.01 97 f 1 .774. 1-092.^ ftfii^ 


T-T 
T-C 
C-T 
CC 

CC vs. T-T + T-C + C-T 


63.55 
0.78 
23.95 
11.71 


52.89 
1,72 
21.97 
23.42 


12.73, 3 
11.45. 1 


0,0053 ^ 

0.00072 (2.284- 1 .4Ad-^ 7i a I 


T-Q 
T-C 
CG 
CC 

C-C vs. T-G + T-C + C-G 


85,23 
0,38 
0.46 
13.92 


73.85 
1.24 
1.03 

23.89 


839,3 
6:77. 1 


0.03868 ^ — 
0.009281 (1.906: 1.167-3.112^ 1 


rs252944.rsl87269 
G-T 

G-C 

C-T 

C-C 

C-C vs. G^T + G-C + C-T 


80.10 
6.79 
4.18 
8.93 


69.45 
7.76 
0.72 

22.06 


26.24, 3 
20.87. 1 


0.000009 i 
0.000005(2.960:1.829-4.8081 


rsliM(r72*.rsl87269 

T-T 

T^ 

C-T 

CC 

C-Cvs.T-T + T>C-f C-T 

irsl94072-rs252944-rsl872^ 
T-T-T 

T-C-C 
T-C-T 
T-C-C 
C-T-T 
C-T-C 
CC-T 
C-CC 

C-OC vs others 


78.62 
5,96 
5.30 
10.12 


68.01 
8.36 
0.64 

22.98 


26,83.3 
17.89, 1 


0.000007 i 

0,000024 (Z624; 1.660-4.148> 
0.000072 ~ 1 

0.000034(2.857; 1.713-4.766) 

53i5 


80.39 

5.54 

0.00 

0.00 

0.00 

0,45 

4.89 

8,36 


65.17 
7.55 
0,00 
1.09 
0.00 
1.08 
1.19 
23.89 


30.72,7 

17Jil. 1 


I7Gl584T-rsl94072-rs2S2944. 

r8l87269 

G-T-T-T 

G-T-TC 

G-T-C-T 

G-T-C-C 


81.97 
09.13 
0,00 
0.00 


65,69 
7.09 
0.00 
1.23 


29.29,15 "( 



(00S36-00O3^CAJ 
190291^321053 
TDO-X£Dm82234v.i 



24 



CA 02423327 2003-04-02 



G-OT-T 
G-C-T-C 
G-C-C-T 
G^C-C 
T-T-T-T 
T-T-T-C 
T-T-C-T 
T-T-C-C 
T^T-T 

T-CC-T 
T-C-C-C 

T-C-C-C vs others 

Note: df= degree of freedom 



0.00 


0.81 


0.00 


1.50 


1.85 


0.02 


0.59 


1.25 


0.00 


133 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


2.18 


1.40 


4.29 


19.68 



12.79. 1 



0.0003 f4.860; 1.888-12.51) 



^^^^^^ EXAMPLE 4; Method for Screening Enhan^ id Sugeentihllity to Schi«ii>hr..nfa 
and for Genotvping SchizoDhrenics 

[009S1 Example 2 describes a method for determining the nature of the novel SNP 
I7G1584T, and the SNPs rsl816071, rsl816072, rsl94072. ts252944 and rsl87269 in Control 
subjects and Schizophrenic patients. Example 3 shows that a base T in SNP I7G1584T, a base G 
inrsl816071 and a base C in rsl816072, rsl94072. rs252944 and isl87269 signifies an 
increased risk of schizophrenia. Furthermore, these six SNPs provide a basis for screenmg for 
enhanced susceptibility for schizophrenia, and genotypmg schizophrenia patients with the aim of 
^plying pharmacogenetics to determine the optimal therapeutic to be employed for their 
treatment 

10096] The same procedures employed in Example 2 also can be performed on test subjects 
with unknown susceptibiUty to schizophrenia or schizophrenic patients with unknown genotype. 
In either case, the procedures employed wUl reveal the genotype of the test DNA sample widi 
respect to the bases at Has SNP positions the novel SNP I7G1584T, isl816071, rsl816072, 
rsl94072, is252944 and rsl87269. The resultant genotype m turn will indicate whether the test 
subject carries enhanced genetic susceptibility to schizophrenia. In the case of a patient known 
to be a schizophrenic, the genotype wiU provide a basis for diagnostic classification and for 
phaimacogenetic profiling towards achieving optimizmg tfaer^y. 

[0097] To perfoon genotyping using the PCR and sequencing procedures as described in 
Example 2, flie following sequences, or sequences similar to them, will be required. 



190291-321053 
TDO-RED mi822U v. I 



25 



Ca 02423327 2003-04-02 



4 



8 



1 

2 t0098J Description of Seanenee T.isHnpc 

3 10099] SEQmNO:l:ThenativeDNAsequenceofExon7.Intron7,Exon8.1htron8and 
Exon 9 of the human GABRB2 gene, with variation noted at positions 1584. 1803. 2103. 3106 

5 and 3424 of intion 7, and position 1265 of Intron 8 

6 [00100] SEQ ID N0:2 is the nucleotide sequence for the forward primer used for the 

7 amplification of the SNP at position 3106 of hitron 7. corresponding to ib194072. of the human 

8 GABRB2 gene. 

9 [OOlOl] SEQ ID NO:3 is the nucleotide sequence for the reverse primer used for the 

0 ampUfication of die SNP at position 3106 of hitron 7. corresponding to rsl94072, of the human 

1 GABRB2 SBOO. 

2 100102] SEQ ID NO:4 is the nucleotide sequence for the forward primer used for the 

3 amplification of the SNP at position 3424 of fiition 7. corresponding to rs252944. of (he human 

4 GABltB2 gene. 

5 [00103] SEQ ID NO:5 is the nucleotide sequence for the teveise primer used for the 

6 amplification of the SNP at position 3424 of Ihtron 7, coiresponding to rs252944. of the human 

7 GABltB2eBoe. 

J [001041 SEQ ID NO:6 is the nucleotide sequence for the forwaid primer used for the 

> anvlification of the SNP at position 1265 of fiition 8. coiresponding to rsl87269, of the human 
) GABJIB2 gene. 

I 100105] SEQ ID NO:7 is the nucleotide sequence for the reverse primer used for the 

! amplification of the SNP at position 1265 of fatten 8, coiresponding to isl 87269, of the human 

> GABRB2 ssne. 

\ [00106] SEQIDNO:8islhenucleotidesequenceforthefoiwaidprimeriisedfi>rthe 

ampUfication of the SNP at position 2103 of Ihtron 7, corresponding to I5l816072. of the human 
GABRB2geae. 

[00107] SEQ ID NO:9 is the nucleotide sequence fi>r the reverse primer used fi)r the 
anq>lification of the SNP at position 2103 of Ihtron 7. conespondiiig to I8l816072, of the human 
GABRB2 gene. 

(00536-0003-CA) 
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1 (00108] SEQ ID NO: 10 is the nucleotide sequraice for the foiwani primer used for the 

2 amplification of the SNP at position 1803 of Intron 7, corresponding to rsl816071, of the human 

3 G^^^gene. 

♦ 100109) SEQ ID NO: 11 is the nucleotide sequence for the reverse primer used for the 

5 amplification of the SNP at position 1803 of Intron 7, coiresponding to rsl816071. of the human 

5 GABRB2 gene. 

7 [00110] SEQ ID NO: 12 is the nucleotide sequence for the forward primer used for the 

J amplification of the SNP atpodtion 1584 of Intron 7, corresponding to I7G1584T, of the human 

) GABRB2 gene. 

) [00111] SEQ ID NO:13 is flie nucleotide sequence for flie reverse primer used for the 

I amplification of the SNP at position 1584 of intron 7, corresponding to I7G1584T, of the human 

! GABRB2 gens. 

» [00112] The various publications and publidied mefliods maitioned above aie incorporated 

\ herein by reference. 

« [00113] Although Reinvention has been described with refeence to certain specific 

i embodiments, various modifications tfaeaneof will be appaKsA to those skilled in the art without 
departing fiwrn fire spirit and scq>e of the invention as outlined in the claims appended hereto. 
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phamr3.ST25 
SEQUENCE LISTING 

<110> Pharmacogenetics Limited 

<120> sinfle NuclTO^^ the Diagnosis and Treatment 

of Schizophrenia spectrum Disorders 

<130> 00536-0003 

<160> 13 

<170> Patentin version 3-2 

<210> 1 

<211> 8639 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> mi sc_f eatu re 

<223> n= an SNP site 

<220> 

<221> exon 

<222> C36)..(195) 

<220> 

<221> intron 

<222> C196) . . (3813) 

<220> 

<221> mi scf eatu re 

<222> C1772)..C1772) 

<223> n is g, or t 

<220> 

<221> misc_feature 

<222> C1991)..C1991) 

<223> n Is a, or g 

<220> 

<221> miscfeature 

<222> C2291) . . (2291) 

<223> n is c, or t 

<220> 

<221> misc-feature 

<222> (3293) . . (3293) 

<223> n is c, or t 

<220> 

<221> misc_feature 

<222> (3611) . , (361D 

<223> n is c, or g 

<220> 

<221> exon 

<222> (3814) . . (4058) 

<220> 

<221> Intron 

<222> (4059).. (8474) 
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<222> C8475)..(8589) 

<400> 1 

ttgataatga tgatgttcta aaattgcctt tctag gtt cct ate cca got tat 53 

val Pro He Pro Gly Tyr 

9?^ "9 9Ct act tta tec tgc aaa 101 
Pro ser Ala Leu ser Leu Arg Glu rhr Leu Ala Thr Leu ser Cys Lvs 
10 15 20 

S?J ctt cca tec tga tta cca tec tet cct ggg tct ect tct 149 
His Thr cys Leu Pro Ser Leu pro ser ser Pro Gly Ser Pro ser 
25 30 35 

gga tta att acg atg ctt cag ctg caa ggg tgg cat tag ata oac c MS 
GTy Leu lie Thr Met Leu Gin LeC Gin GTy Trp His Val Gly 
40 45 50 

attttattac tgcttgtgga ttttgactct gtgtgtacat ttctgtgttc gcatgcaegc 255 

gttttcctta tectgaaatt tgtggtgcat gacgcaactg aacctctcac aetgtaagag 315 

tttcgctatg agactttggg tgatctgatt cagcattaaa tcaattaaac aegaagtaaa 375 

gctctttcat gtcagtatta gttaaccgta tatctgttga taatgagatt agtcccatea 435 

gtttgatatt tttattgaaa catatttcat atagtattgc ttgcataatt gttcaatttg 495 

tatctgtgct tctttaccta agaagacctc ecttctacgt ttttttctec atgaaagaca 555 

agaagatgtt gtgtgtagea aatggataag cagaaagaat tetaaagtct tgttaacatt 615 

tcagagtagc atgactaagg caggagacaa caaagtaaga atattgagaa gtaatctgtg 675 

gcatctctca tcttatgctg tttttttcta acaaacacaa aaggagaata aattacattt 735 

catgaacatt tttgttatta acttcagata aagtaaattt atggcctttt acacgatctt 795 

gattattatg gattctgaet attcccttta aaatgttgaa ttgttcactt ttaccattag 855 

atctcaattc aatcattact ttcttagaag agecactcat ttattattca acaagtaatt 915 

gttaaatacc taatatatgc taattgtact aagcactgga gatagagcag tcttctgaaa 975 

gttatatcta geagtaaaag atatacaata aatttaataa ccacataaat tatacaatgt 1035 

ggtaaatcta tagagggata taaagcaagg gggeatgggt ttgetagaag ttcagtttag 1095 

aataattagg gccgacttca etcagaagtt gtcattggaa etaagacttg aagattgaga 1155 

gcaatgtgga tacctgggtg ataatattcc agatgactgc aaaggccctg ggtaggaaca 1215 

aaccaacagt gtcagcagga ggctaatgag gccaagtgag tteaggggaa gtagcaaaga 1275 

taatgttagg gaaagaggee taaaggatca caaaagggct attacaaagg gatggtaggc 1335 
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cacgacaaag gctttgcttt tattttgaat gaaStScla^|actgagc ataaaagtgg 1395 
catgatttga tttctgtttt aaagggatca cttcggctac tgggttaaaa ttaaattatg 1455 
tggctcaagg atgggaggaa ggagaagaaa tgacctctca ggctgagtca agcacctgtg 1515 
atatatacac ttgcagtacc atagacctcc cctgtgtgta gactaaccac agttataact 1575 
tttgttttct tagtggtgtg atgtcctttt ccccttcagc aatgaaagat ccatggagga 1635 
aaggtccata tctagtttta tatctgcagt gtcttgcatg gggaatggtg ctcagtaaac 1695 
atttgctgaa tgaaagaagg aataaaattt gcaaatatcc catttttcca aagttgaaac 1755 

atgtcttttt tgtatcnatt acaggaacaa taaataattc attaactttt tagaagacat 1815 

ttttaaaatg tctttatgtg agcaatttat tactagtttc agaaatactt taaaatgaga 1875 

tttagataag tagtaaaatc agcaatgtca gttttattat atacgtatga tacaggatca 1935 

tccgtagttg aaatgatgaa gagaaaattg aaactggaaa atgtctcaaa atgacngcta 1995 

taaagaggac acgagaaatg taagatacct gtatctaaag caagaccaag gttttatggg 2055 

cgtgctcaga atcaaatgct cagatttatt tttttattct gtagctgttt cttggtggag 2115 

tataaaaaca aaatagaaac tatgacatta ttactactga gataaaatta aatcagaaaa 2175 

ctgtgtcccc ccaaaatcat aggaatgaaa tttaaccttc aggatgcgtt attggatagt 2235 

gtttaagggc ctggattcct gagtcagaaa gattctcatt ccaatggcaa ctctanaact 2295 

ttccatctgt gtgatcttga cctctgagct ttgtctattt tcacacacta ttttgctaca 2355 

aagctggact ttatcatatt caggaccttg gactttcagt gcatttacct tccgattaca 2415 

gcttagaggg aaactacttc ccactgtcaa gagataccaa ctcaacagga caaacaatta 2475 

cagcctgacc cagtgtcaca ttttccataa gcagtcctag aatgcatctg tgttatttat 2535 

ctaggcatta tatgcctaat tgtccgatcc atatacatga gggctatgat tcctgcttct 2595 

ctgttaccct ccactccaaa ttcccagatg tttataatca tttattgata ttgcctgtat 2655 

aatgtattct ttaatttcag tacccttgct gttattttaa ttgacttcac ttccatcatt 2715 

cagttggatt actctgaaaa cctcttaact ggcattcttt tttttttttt tttttrttttt 2775 

gagacggagt cttgctgtgt ggcccaggcg ggagtgcagt ggcgggatct cggctcactg 2835 

caagctccgc ctcccgggtt cacgccattc tcctgcctca gcctcccgag tagctgggac 2895 

tacaggcgcc cgccatcacg cccggctaat ttttttgtat ttttagtaga gacagggttt 2955 

caccgtgtta gccaggatgg tctcgatctc ctgacctcgt gatccacccg cctcggcctc 3015 

ccaaagtgct gggattacaa gcgtgagcca ccgcgcccgg ccaactggca ttctttactc 3075 

ctgccatgcc tgcttctccc catcatccac actgtcacca cagtgattgt tctaaatgca 3135 

aattgccccc ttgcttgaag ctggcccctg ctccacattg cctttaattt taagttcaaa 3195 

ctcccccatt aggctctctg catggccctt aacctccagt cctctcacga ttcttcccat 3255 
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cctgtcttgc aatgtaccca caatgatttt tccgaganca tggtaatgga ctgtgtactc 3315 

tcccccaaat ccaaccttga tataaaagct ctctccacca gcagtcccca taagtcaaaa 3375 

atgacttttg acccccagtt ctgggttgcc tgggtgactt tcactcattt ttcagaaatc 3435 

agctcaaaag tctctatttc ctaacctcat ccctggcaca tcagaaagtt gacctagagt 3495 

cctctccata ttctgaactc ttaccttaca catgtgccca tcatagcatt taattcacgt 3555 

tttaaccccg cactagatat ataactataa atacaaaaat ttaattaaaa gaaggnatca 3615 

aacgttcagt gatcactgta agctaattta tacctatatc cattccctat cctagggctg 3675 

gcatgcaata gtaaaggccc aataaataga ttgtggcata tatgaatgag aaaatgaata 3735 

tagatcacct ttccagctat taagaaagaa gaaaagagat aggaacatta ttactctaac 3795 

tctcccattt tttttcag ga ate aca act gtc etc aca atg aec aca ate 3845 

Arg lie Thr Thr val Leu Thr Met Thr Thr lie 
55 60 

aac ace cae etc egg gaa act etc cct aaa ate cee tat gtg aag gee 3893 
Asn Thr HIS Leu Arg Glu Thr Leu pro Lys lie Pro Tyr vaT Lys Ala 
65 70 75 

3?^ "9 ggg tge ttt gtc ttc gtt ttc atg gee ett 3941 
ne Asp Met Tyr Leu Met cTy cys Phe val Phe val Phe Met Ala Leu 
80 85 90 

ctg gaa tat gcc eta gtc aac tac ate ttc ttt ggg agg ggg cee caa 3989 
Leu Glu Tyr Ala Leu val Asn Tyr lie Phe Phe Gly Arg Gly Pro Gin 
95 100 105 110 

S?* 9ca get gag aag get gee agt gee aac aat gag aag 4037 
Arg Gin Lys Lys Ala Ala Glu Lys Ala Ala Ser Ala Asn Asn Glu Lys 
115 120 125 

S3 A?g Leg III §1? Atn Lyi ^taaattcag agggeaagce ctecttgctt 4088 
130 

ettaaaetca tggaagaatg etagcaatae aggttgatga eettgttgag caaatgagga 4148 

aaccaagcee agggaagaga atgggtaatt ttccccaaag cacacaaaca attaatgatg 4208 

gaagcaeaat tagggaccaa actcatgaca caagatttgg atgccettte eattaacaag 4268 

aggagtgace aaaeatgaga agaeetttat gatgetttct cacatattga gtatagtace 4328 

tataattatt tatgcattet ttaaatttat tcaactaatt tatttaaaaa ggaaatttaa 4388 

tgttgcttea gtcagtatta cttgctggae aatagettta caaatatata agtaacaaat 4448 

ttaaaaaaet atatcattaa gttctaattt atactagatg aagtctetgg ecctgaaatc 4508 

tgeattctet ttgacttaaa ggaaagataa gcaagtatac agatgtgtta cagacecaec 4568 

aageaaeaaa ctgagaettt ttctttgaag cgateagaag aacataagaa gagtaagggg 4628 

gaaaagacaa ataattttct ectttaaatg acaatgeett geacatatac cacttatcat 4688 

tgeagcattt gaetatatga ggceaccate ttgettaagt eagaeatggt caaagattcc 4748 
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cacaaaacta taaaccctgt ttatttgtta agt?Si^||caatcat gggtgccaat 
ggaatgacct gaacagatta aaaaaaaata ctgaagcctt ggtcccctcc ccagaaaatc 

tgatttgatt ttcttggaga aagcatgggc aacacaattt taaaaagttc cccaagttat 49^ 

tctaatctgc atccaaattt gagaatcacc actttaaggt ttttgatggt agtcccagta 4988 

gagccagctc tctttactct caatattaaa cttcacctgg cttcctgtta tagcacttgc 5048 

tgcactaaca gaatacttgt atatgtatct tcccagaggc cacatttaga cctttagcaa 5108 

tagccaaaga aaagtcttat tttcatatct gccctaaata ctgtttatga agtagtgtct 5168 

aatattggac caataaatag ttcatcatga tgggactagg aaaacattaa tcaatcctct 5228 

taaaccattt ggaattatta attataacaa aagctgatta tttccttgat gttttgatat 5288 

ttctaacttc aaattaattt caaggatagc aaagnataaa taatctctgc cattgagttg 5343 

tatttggagc aaaccatatg gaagcttcta actcagtaat gtttttcaca tatccatagg 5408 

tctaatattt ggttttagac tcttctctaa tccaaggcac ttcttgctta gaagatgata 5468 

tttgcaacaa tgcaaatttt aagtatggcc cttggaaacc aaaaaaccgt aagggtctag 5528 

gaaattgtca aattctttcc cacacccaag gttttactta ttggaatctg ccaatagatt 5588 

ccaatttacc attatggttc tctcaggctg tcaaatgaaa gagtattttc taaacctatt 5648 

ttctgatttt catgacatag tagtcttaga gaagagaaga gaataaataa ataaataaac 5708 

aaacaaataa tgctatctca taggacttca aaatgagtct aaatcaattg cataatgaaa 5768 

ggctgactta ataagataac atctgatctc ttcactttca tctaccctat tttttatacc 5828 

aatttgcatt taaatgataa agttaagacc tagagggagg aggttttata caaactgaac 5888 

ctgcagagct tcagatagtt ctaaaacgga aatagagaaa agttcactag gcagttaccc 5948 

catagtggtg aaaagcctat cctcttggtt gaaggtagac cctaccattc aagtgatgga 6008 

atatgagaga acaaaaaaga taccagagat tatttagtat ttttcagtgg ttctcaaaac 6068 

agggtcattt ccttctccca gaggacatta ggcattgtct ggagacatct ttcattttaa 6128 

aaactatagg atgaggttta ctactggtat ctagtgtgta gaggccfcagg ttgctgctac 6188 

acatttggca gtgtgcagga tagcttccct gtaacttctt gttttcaaac atgagaaact 6248 

gaggtactga aaaaataata tccttgtcgt ctaaatattc tttagcaaag ttgtttctcc 6308 

attttctttg agcagcatgt gtaagaatca agacatcatg agtcatggtt tagaacaatg 6368 

gttctgaaca aatattttag agtcaagttc aatatttacc ttcccattta acaactgggt 6428 

gacagtagac aaaaaattta gcctctctgg ccctttagtt ttctcatctg tgaaacaggg 6488 

ttaattcctc tcttataaag ttactcatga acataattgt gataatgtgc aaagagggta 6548 
atatagtcct caatacatgg taagcactca ggaagtgata aatattaata aaatattaaa 



6608 



atataataag tggtaggcat tattactttt taaaataaaa tttgcagtcc ccatacttat 6668 
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tggtgatgct agcgtgtgtg ttctatatgc tctfe|t^Slatgcagt agcatcccta 6728 

aagcagtgta ttgtttagac aggaatgttt tatgttagaa gttttaaagt caaatcaaga 6788 

aaatcatttt tcaaagggta ttagctataa aatctatagc aaatcaactg catcaaactc 6848 

tattaattat ttcttagagc agaaaaccta caacccattt tgattagatt aaaacaaaat 6908 

gctgaccatc aagctttcca gactcccact atttctttgt tcacccagca tgaaaggtta 6968 

gaggaggtcc acattgctcc tgattatgcg gtgctgtcct ttgtgtcagc atcatgaata 7028 

ataccacccc atttcttatc aagaatgtcc cttcttttca actgtaattc tatagttatt 7088 

ttttttttcc aagatcaagc acttataatc agctaagcat tgttggctgc tctgggaaaa 7148 

tcaggagtgg gattaaattt ttcaccttcc tttggtgatt tcctaaagat ggaaggagtg 7208 

tgtcagatta tctaaagtga tttttgaact gtgctctgtc ctgaggtcag ggagggttga 7268 

aaacgggaag cctgcccagg tgggagccca gtgttgattc agcagatgct accgcatttt 7328 

tttcagcctc tttttggtat tagcgtctct taaatgtttg ttttaataag tgaatttgca 7388 

gctcttaaaa taattcccgt cctgtcattt cactgacgta aaagcctatg tgcctaaaga 7448 

aggtgaaata gccaaggtca catagcaagc ttttaaaagt tctgatatgg atttttctat 7508 

ccttctccag tgtacataaa agtgtgctgg caaaaaaaaa taaaataaaa taaaaaataa . . 7568 

aaataaaaaa caaacaaaaa ctgaaaagct aattccatgt tagtttatgt attccaactc 7628 

agttgatttc acctgaaaaa tcccagctac ctgcacatga aagtttataa gcaagtgtca 7688 

ctttcaccgt tgtcttcatg tgccaagtta agtagtaaag tactaagatt ttaaaaataa 7748 

actttaaacc aacatgaggt ctactgaata ttttttccca agtgtccttt ggagtagttt 7808 

aaacatgatc tttattctaa tgctaggaga gtctttccta ttttcccttg cattcttcta 7868 

gtttgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtccta atggaatttg 7928 

cttttgattg atttcaccca ctgttcttgc ccgtagcttc aagtttcaac tccccttact 7988 

tctcttttaa gctttatatt gtttccttgt ttatttttct gccaaatact aagaacacgc 8048 

atatttgaga atcaagttat tcttgccttt ttaccaccgt ggtatttgca catatcaaat 8108 

gcacctgcag ccaacagttt tctaactaaa gctgcaccac agagatctcc atttaagggt 8168 

gttctttatt ctgcattcat gggtgctgtg actctttgtg ttgtctttat ccattgtgtg 8228 

taatcttttc taatgtaaag ccactaagat attttcaatc aatttatttc tactgcttgg 8288 

aatttgatgt ttttaaaaca aaacattttt taaaaactta ctcaaattcc cattctctgt 8348 
tagcctttat ctaaaggatt tctaaaggcc agtagcattt atctatatcc aatttacttt 



8408 



aaccatcagg cctaatctag tagcatcaat cgacttaatt agcacattct ctactttgtc 8468 

aaa caa aat ggg acc caa 
Lys Gin Asn Gly Thr Gin 
140 145 



ttccag att ttt tat aaa gat att aaa caa aat ggg acc caa i-ar ma aci« 
He Ph| Tyr Lys Asp lie Lys Gin Asn i?? 8516 
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9 




8609 



8564 



ccatttattt gtatttctgt tggggccaat 



<210> 2 

<211> 24 

<212> DMA 

<213> Artificial 

<220> 

<223> PCR Primer 

<400> 2 

taccttccga ttacagctta gagg 



<210> 3 

<211> 24 

<212> DMA 

<213> Artificial 

<220> 

<223> PCR Primer 

<400> 3 

tggagaggac tctaggtcaa cttt 24 



<210> 4 

<211> 23 

<212> DMA 

<213> Artificial 

<220> 

<223> PCR Primer 



<210> 5 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR Primer 

<400> 5 

ttgtaaagct attgtccagc aagt 24 



<210> 6 

<211> 24 

<212> DNA 

<213> Artificial 



<400> 4 

cacaatgatt tttccgagac cat 



23 
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<220> 

<223> PCR Primer 



phamr3.ST25 



<400> 6 

agcacttgct gcactaacag aata 



24 



<210> 7 

<211> 23 

<212> DMA 

<213> Artificial 

<220> 

<223> PCR Primer 

<400> 7 

agacaatgcc taatgtcctc tgg 23 



<210> 8 

<211> 24 

<212> DNA 

<213> Artificial 
<220> 

<223> PCR Primer 



<210> 9 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR Primer 

<400> 9 

cctctaagct gtaatcggaa ggta 24 



<210> 10 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 



<210> 11 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<40Q> 11 



<400> 8 

atggaggaaa ggtccatatc tagt 



24 



<400> 10 

atggaggaaa ggtccatatc tagt 



24 
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cctctaagct gtaatcggaa ggta 



<210> 12 

<211> 24 

<212> DMA 

<213> Artificial 

<220> 

<223> PCR Primer 

<400> 12 

atggaggaaa ggtccatatc tagt 



<210> 13 

<211> 24 

<212> DMA 

<213> Artificial 

<220> 

<223> PGR Primer 

<400> 13 

cctctaagct gtaatcggaa ggta 



phamr3.ST2S 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRTVIUEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . An isolated polyaucleotide having a nucleotide sequence comprising corresponding to 
SEQ ID NO: 1, said polynucleotide comprising a portion of the human GABRB2 gene including 
a polymoiphic site at position 1584 of intron 7. 

2. The isolated polynucleotide of claim 1 wherein the nucleotide at position 1584 of Intron 7 
is selected from G or T. 

3. An isolated polynucleotide having a nucleotide sequence which is complementary to the 
polynucleotide of claim 2. 

4. A PGR primer set for amplifying regions of a polynucleotide corresponding to SEQ ID 
NO: 1, said primer set comprising a first primer having a sequence corresponding or 
complementary to a sequence corresponding to SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, and a second primer having a sequence 
corresponding or complementary to a sequence coirespondmg to SEQ ID NO: 3, SEQ ID NO: 5, 
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 1 1 or SEQ ID NO: 13. 

5. A method of predicting whether an individual is more likely to suffer from schizophrraia 
comprising the identification of DNA sequences corresponding to one or more SNPs selected 
from the group consisting of: SNPs at positions 1584, 1803, 2103, 3106, and 3434 of intron 7. 
and position 1265 of intron 8 of the himian GABRB2 gene on one or two of the individual's 
chromosomes, or other genetic markers in the same haplotype as, or in linkage disequilibrium 
with, one or more of said SNPs. 

6. The method of claim 5 wherein the presence of a C at position 3106 of Intron 7 indicates 
that the individual is more likely to suffer from schizophrenia. 

(00536^003-CA) 
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7. The method of claim 5 wherein the presence of a C at position 3424 of Ihtron 7 indicates 
that the individual is more likely to suffer fiom schizophrenia. 

8. The method of claim 5 wherein the presence of a C at position 1265 of Intron 8 indicates 
feat the individual is more likely to suffer from schizophrenia. 

9. The method of claim 5 wherem the presence of a C at position 2103 of Intron 7 indicates 
that the individual is more likely to suffer fiom schizophraiia. 

10. The method of claim 5 wherein the presence of a G at position 1803 of Intron 7 indicates 
tliat the individual is more likely to suffer Srom schizophrenia. 

11. The method ofclaim 5 wherein the presence of a Tat position 1584 of Intron 7 indicates 
that the individual is more likely to suffer fiom schizophrenia. 

12. A method of geno^ing an individual in order to determine a clinical and 
•phannacogenetic classification of a schizophrenia-spectrum disorder of the individual suffering 
fiom such disorder, said method comprising the identification of DNA sequences corresponding 
to one or more SNPs selected &om the group consisting of: SNPs at positions 1584, 1803. 2103, 
3106, and 3434 of intron 7, and position 1265 of intron 8 of the human GABItB2 gene on one or 
two of the individual's chromosomes, or other genetic markers in the same haplotype as, or in 
linkage disequilibrium with, one or more of said SNPs. 

13. The method of claim 12 wherein the presence of a C at position 3106 of Intron 7 
indicates that the schizophrenia-spectrum disorder of the individual has a genotype that inchides 
the presoice of a C at position 3106 of Litron 7 of GABRBl 



(00536-0003^) 
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14. The method of claim 12 wherein the presence of a C at position 3424 of Ihtron 7 in either 
one or two chromosome indicates that the schizophrenia-spectrum disorder of the patient has 
genotype that includes the presence of a C at position 3424 of Ihtron 7 of GABRB2 in either 
or two chromosomes. 



a 
one 



15. The method of claim 12 wherein the presence of a C at position 1265 of Intron 8 in either 
one or two chromosome indicates that the schizophrenia-spectrum disorder of the pktient has a 
genotype that includes the presence of a C at position 1265 of Ihtron 8 of GABRB2 in either one 
or two chromosomes. 

16. The method of claim 12 wherein the presence of a C at position 2103 of Intron 7 in either 
one or two chromosome indicates that the schizophrenia-spectrum disorder of the patient has a 
genotype that includes the presence of a C at position 2103 of Intion 7 of GABRB2 in either one 
or two chromosomes. 

17. The method of claim 12 wherein the presence of a G at position 1803 of Ihtron 7 in either 
one or two chromosome indicates that the schizophrenia-spectrum disorder of the patient has a 
genotype that includes the presence of a G at position 1803 of Intron 7 of GABRB2 in either one 
or two chromosomes. 

18. The method of claim 12 wherein the presence of a T at position 1584 of Ihtron 7 in either 
one or two chromosome indicates that the schizophrenia-spectrum disorder of the patient has a 
genotype that mcludes the presence of a T at position 1584 of Intron 7 of GABRB2 in either one 
or two chromosomes. 

19. A method of drug screening for identi^g drugs for treating schizophrenic disorders, the 
method con^rising: 

a) transfecting a vector into a eukaryotic expression system, said vector containing a 
DNA sequence corresponding to at least a portion of the human GABRB2 gene, said portion of 

(00536-O003-CA) 
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the GABRB2 gene including one or more SNPs chosen from the group consisting of: I7G1584T, 
rsl816071, rsl816072, rsl94072, rs252944, and rsl87269; 

b) expressing said vector in a cellular expression system; 

c) adding a drug to be screened into said cellular system; 

d) analyzing the expression of the GABRB2 gene ^coding GABAa recq)tor p2 
subunit and also analysing the expression and resultant activity of the GABAa receptor in the 
cellular system; 

e) determining the effect of said drugs on the expression of the GABAa p2 subunit 
and the GABAa receptor, and the activity of the expressed GABAa receptor in the cellular 
system; and, 

f) identifying drugs capable of altering the levels of expression of different forms of 
GABRB2 gene containing different alleles of one or more of the six SNPs I7G1584T, rsl816071, 
rsl816072, rsl94072, is252944 and rsl87269, and genetic markers belongmg to the same 
h^Iotype or haplotypes of , or in linkage disequilibrium with, one or more of these six SNPs. 

20. A diagnostic kit for detecting the identity of SNPs at positions 1584, 1803, 2103, 3106^ 
and 3434 of intron 7, and position 1265 of intron 8 of tiie human GABRB2 gene, said kit 
comprising components for the determination of said SNPs. 



(OQSSMOOS-CA) 
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la/4 



173. 
233. 
293. 
353. 



713. 
773. 
833. 
893. 



1673. 
1733. 
1793. 



2753 
2813 
2873 
2933 



3293. 
3353. 
3413. 
3473. 
3533. 



Intnm 7 Base No. 



53. ^^«TTC6C«IOT«X5CGTTT^^ 

l!AAACACGAAGa3UU«3CTCTTT^ 
AGATTAGTCCCAT^GCTTQATRTT^ 

TCTCCATGAAAGACAAGAAQATGTTCT^^ 
413. AGTCTTGTIMCATTTCAGAGTAGCATC^ 
473. GAQAICTAATCTCTOSCATCTCT^ 
533. GAATMATTACATTTCaTGWlCATlT^^ 
III' ^^'^^^OGATCTT^^ 
653. CACTTTTACCATTAGATCTCAAITCAAT^^ 

ATTCAACAAGTAATTGTTAAATACCTAATATATCC^ 
AGCAGTCTTCTGAAAGTTATATCTWSCaGTAAAAGA^^ 

1»AATTATACAAT6TGGTAAATCTATAGAGC5GATATAAAGCAAGGGQGCA1^ 
AGAAGl^raUOTTACaATAATTAGGGO^^ 
953. ACTTGAAGATTCA£»«3CMtGTGGATA0CITO 
10"- CCCTGGQTAGGAACAAACCARCAGrQKa^^ 

1073 . GGQAAGTAGCAAAGATAATGTTAGGQAAAGAGGCCTAAAGGATCACA^ 
1133. AAAGGGATGGTAGGCCACGACAAAGGClTTGCn™ 
1193. "I^CATAAAAGTGGCATOAriTGATTTCT^^ 

1253. TAAAATTAAATTATGTGGCTCAAGGATGGGAGGAAGGAGAAGAAAT^C^^ 

' «31CAAGaUOTGTOATAlATACaC^ 
1373 . ACC»CAGTTATAACTTTTCTTTTC^ 

1433. AAGATCCATGGAGGAAASGTCCIiTJl TCTAGTlTTATATCT^ 

TGGTGCTCAGTAAACATri TO fGAATGAIUlGAAgG^ 
^553. TTOCA AA G TTGAAACATGTCrTTTTTGa^ 
"13- CTTTTTAGAAGACATTTTTAAAAT G TCTTTa^^ 

TACTTTAAAATGAGATTTAOAT?^GTaGTAAAATCaGCaAT^^ 



TCAAA ATGAq yKTTATAAAGAGGACACG AGAAATGTAAQATACCTGTATCTAAAGC^ 

1653 . CCTkAGG TTTTATGGGCGT GCTCAGAATCAAATGCTOAGATTTATl^^ 

1913. xVi-iwx-x<3GTGGA6TATAAytfVCAAAATAGAA A^ 

1973. AATTAAATCA G AAAACTGTCTCCCCCCAAAATC ATAGGAAaGAAAT ^ 

2033. (KySTTATTGG^AGTCTTTAAG G GCCI^T^ ^ 

2093. GGCAACTCTAp||AACrTTCC ATCTGTGTQATCl^ 

21". TCACTATlOTGCTACAAAGC TGGACriTTATCaTATTCAQG^ 

2213. TTACCTTCCG A TTOCAGCTrAQAGCSG AAACTAC TTggt^f^ 

2273. ACnOCaCWlACAATTACAGOTIGACCCACnxmiACAl^^ 

2393 . ^T^'I^CTGCTTCTCTGTTACOTCCAOT 
2453 . TTGATATrGCCTGTATM TCT ATi t rm'AATTTC^ 
2513. CTTCACTTCCATCai TTCAGTTGGATTACTCrGAAAACC^^ 
mi • TTTTCTTTTTTTTTTT^^ 

2633 . <3SATCrCGGCTau:TGauW5CTCC6CCTCCCGGGTTCACGC^ 
2693. «««»OTAGCTG6GACTACae6CGCCCX3CC^ 

ASXAGAGACAGGGTTTCACWGTCTTAGCCAGGATGGTCTCGATCT^ 
CACCCGCCTCGGCCTCCCa^GTGCTGaGATTACAAGCGTCa^CCACTC 
CTGGa^TTCTTTACTCCTGCCATGCCTGC?rTCTCC^ 
GATTGTOCTAAATGCAAATTGC^ 
2993. TAATTTTAAGTTCAAACTCCCCCATTAGGC^ 
3053 . TCACGATTCTOCCGATCCTGTCTTGCMTGTACCCACAATGAT^ 
3113. '^'M<»CTGT6TACTCT0CC<XAAATCCAACCTTGATATAAAAGC^^ 
3173. ^rcCC^TOAGTCAAAAATGACTTTTQACCCCCAGTl^^ 
3233. ^TTTTTCAGAAATCyUSCTGAAAAGTC^^ 

AAAGTTGACCTAGAGTCCTCn^CATATTCTGAACTC^ 
AGCATTTAATTCACGTTTTAACCaXJCACTAGATATATAACTATAAAT^ 
TTAAAAGAAGGCATCAAAOGTTCIUSTGATCACrGTAAGCTAATTT^^ 
CCCTATCCTAGGGCTGGCATGCAATAGTAAASGCCCAATAAATAGATTGTGGCATATATO 
AATGAGAAAATQAATATACaTCACCTTTCCAGCTATTAAGTUU^QAAGAAAAGAGATA^ 
3593 . ACATTTITTACTCTAACTCTCCCATITTTTTT^ 



ATGTACXTOAT^gq^^ 
AACTAC^TK^TCT^TgGGAGGGGG^^^ 
5??SCC^^AATCA6AAGAro^ 
TCCTTGCTOXrrTAAACTCATGGAAGAATGCrAG 

AAAlXSAGGAAACCRASCCCAiCaSGAAGAGAATGGGXAATTTTCCCCAAAGCA^ 

TTAATGATGGAAGCACAATTA66QACCAAACTCATQACACAAGATTTOQATC 

ATTAACAAGACGAGTGACCAAACATGAGAAGACCTTTATGATGCTT^ 

TATAGTACCTATAATTATTTATGCATTCTTTAAATTTATTCAACTAATTTATTTAAAAI^ 
GAAATTTAATGTTGCOTCAGTCAGTATTACTTaCTGGACAATAeCTTTAC^ 



Fig la 
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lkilxoa7BaseNo. 



53. 
1X3. 
173. 
233. 
293. 
353. 
413. 
473. 
533. 
593. 
653. 
713. 
773. 
833. 
893. 
953. 
1013. 
1073. 
1133. 
1193. 
1253. 
1313. 
1373. 
1433. 
1493. 
1553. 
1613. 
1673. 
1733. 
1793. 
1853. 
1913. 
1973. 
2033. 
2093 . 
2153. 
2213. 
2273. 
2333. 
2393. 
2453. 
2513. 
2573. 
2633. 
2693. 
2753. 
2813. 
2873. 
2933. 
2993. 
3053. 
3113. 
3173, 
3233. 
3293. 
3353. 
3413. 
34 73. 
3533. 
3593. 



lb/4 

TTGATAATCATCy^TCTTCTAAAAT^^ 




AAACGGATXK5TAGGCCACGACAAAGQ<nTTGCTTT' 
TQAGCATJUU^ACnraQCATGATTTCAlOTCTGT^ 



AAGftTCCATGGAGQAfiAGGTCCATATCTAGTT^ 



TCACTATTTTGCTACAAAOCTGGACTTOT^--^^ 




AAAOTTORCCTAgABTCCTeTCCAiS? 



'CTAACCgCA TCCCTOaeAeAT raS 

^Ui^CTCWACCTTACaCATOTOecCAT<^ 



'AQCAASACAaaxcaAsoAecxsoraQkisc 



]^;j^^««*Ma^TTA*30GACCaAACTCaT0ACAC^ 



Fig lb 
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Intron 8 Base No. 



2/4 



22 
82 
142 
202 
262 
322 
382 
442 
502 
562 
622 
682 
742 
802 
862 
922 
982 
1042 
1102 
1162 
1222 
1282 
1342 
1402 
1462 
1522 
1562 
1642 
1702 
1762 
1622 
1862 
1942 
2002 
2062 
2122 
2182 
2242 
2302 
2362 
2422 
2482 
2542 
2602 
2662 
2722 
2782 
2842 
2902 
2962 
3022 
3082 
3142 
3202 
3262 
3322 
3382 
3442 
3502 
3562 
3622 
3682 
3742 
3802 
3862 
3922 
3982 
4042 
4102 
4162 
4222 
4282 
4342 
4402 



ACflTTATTACTCTAACTCTCCCaTrrTT^^ 

ACft&TC AAC& CCCACCT CCGGQ iA&CTCTOCCiaAftATCCCCT&TCT^^ 
ATGTACCTG&TCGGOTGCmTSTCTTCGTTTTC&SGGCCCZXCTOaU^ 
AACTAC»TCTTCTTTG6a&G66GaCCCaUkC6CCM^a&M 

TCc-t-i^u-i-xwiJU^ACrCRTGGAAGAATCCiaVGCAATACAGGT^ 

AAATCAGGAAACCSVAGCCCAGGCSAAGAGAATGGGTAATTITCCCO^^ 

TTAATGATCGAAGCACAATTAGGGACXWUtfTCATGACACAAGAT^^ 

ATTAACaMMQAGTQACCAAACAtaAGAAGACCTTTATGATCCT 

TATAGTACCTOl^TITaTTATGCATTCTT^^ 

GAAATTTAATGTTGCTTCAGTCAGTATTACTTGCTGGJVC^ 

GTAACAAAmAAAAAACTMATCATTAAGITCTAATra 

CCTGAAATCTCKATTCTCTTTGACTrAM 

AGACCCACCAAGCAACAAACTGAGACTr^^ 

AGTAAGGGGGAAAAGACAAATAATTTTCTyXTTTAAATGACAATGCCTO 
ACITATCATOSCAGCATTIXSACTATATCAGGCCAC^ 
AAAGATTCCCACAAAACTATaAACXCTGrPI7lTITOri7\A<^^ 
GGTCCCAAlXXSAMGACCTGAACAGftT^ 

CRQAAAATCTQATTTGAlTTTCrX<K3AQAAflGCATGGGCAACAC^ 

CCAAGTTATTCTAATCTGCATCCAAATTTGAGAA 

GTCX: CAGT AGAGCa«5CTCTCriTACTCT^^ 

AG^CTTGCTGCACIAA(aGAATACTTGTftTATG^ 

CTTTAGCAATAGCCAAAGAAAAGTCrTATTTTCATATCTG^^ 

GTAGTGTCTAATATTGGACXJlATAAATAGTTCATCAXXaATGGGACT 

CAATCCTCTTAAA(X:ATTTGGAAT13VTTAATTAT^ 

TTTTGATOprCTAACTTCAAATrAATTTCaU^GG^ 

ATTGAtaA'jlGTATTTGGAGCAAACCRTATGGAAGCTTCTAACT^ 

ATCXaCTAGQTCiyTAT TTGGTTTITtf^^ 

AAGATCSATATTTGCAA CAATGCAAATTTTAAGTATGGCCCrT^^ 
AGGQTCTAGGAAATTGTCAAATTCTTTCCCACACCCaAGGTTTTAC^ 
CaATAGATTCCAATrrACCATTATGGTTCTCT 
AAACCTAl^^tiCeiT^T TTTCATGACATAGTAGTCTTAGAGA 

taaataaacaaaowctaa!wk:tatctcataggacttc^^ 

Al^TXSAAAGGCTGACTTAATAAGATAACATCTGATC^^ 

TTTTATACCAATTTGCATTTAAATGATAAASTTAAGAarrAGAGG(^ 

AAACTCAACCTGCAGAGCTTCaGATAGTTCTAAAACXSGflAATAGAGAAA 

ACT^GmM^re^RGAACAAAAAAGATACCAGAGATTATTTAGTATTTT^ 

TCATTTTAAAAACTATAGGATCAGGTTTACTACTGGTATCrAGT^ 

TGCIXKrrACACATrTGQCAGTXnXSCAGGATAGCTTCCCTGTAA ^ 

TGAGAAACT t 3AGGTACIX3A AAAAATAATATCCTTGTCGTCn7^ 

wt-irA\;A<3 CAUar i'iX,Un'lXJAGCAGCATGTCTAAC3AATCAAG^ 

AGAACAATGGTTCTaAACAAATATTTTAGAGTCAAGTTCAATATTTACC^ 

CAACTGGGTQACAGTAGACAAAAAATTTAGCCTCTCTGGCCCTTTAG^ 

GAAACAGGGTTAATTCCTCTCTTATAAAGTTACTXaTGAACATAAT^^ 

AAGAGGGTAATATAGTCCTXaATACATGGTAAGCACTCAGGAAGTGATAAAT^^ 

AATA TTAA AATATAATAItfSTGCgntfXSCftTTA!^^ 

CATACTTATIXSGTCATGCTRGCGTCTGTGTT^^ 

GCATCCCTOAAGOtfS TGTAT TGTTTAGACAGGAATGTTITATGTTAGAAG^ 

AAATCAAGAAAATCATTTTTCAAAGGGTATTAGCTATAAAATCrATAGCAAATC^ 

ATCAAACTCTATTAATTATTTC TTAG ftGCAGAAAACCTAC^ 

AAACA AAAT GCTGACCATC»ftGCTTTCCAGACTCCCACT A TT at:u ^ ^ ^ 

GAAAGGTTAeAGGAGGTCCACATTtCTCXnX3ATTATGa3GTGCrGTC^^ 

TCATGAA TAATACXAaX COTTTCTTATCAAGAATGTCC Ci 

ATAGTTATTTTTTTTTTCaVAQATCaUU^CyVCTrATAAT 

CTGGGARAATCAGGAGTGGGATTAflATTTTravCCITCC^^ 

GAAGGAOTGTGTCAGATTATCTAAAGTGATTTTTGAACTG^ CTCTGTCCTGAGGTCAGG 

GAGGOTTGAAAAOSGGAAGCCTCCXCA 

CCGCAi'TiriTrCAGC Ci tJ' lTrritj GTATTAGCGTCTCT^^ 

GAATTTGCAGCTCTTAAAATAATraXGTCCTGTCATTI^ 

GCCTAA AGAAGGrTGAAATAGCCAAGQTCACATAGCAAGCTTTTAAAAGTTC^ 

TlixiCTATCCirCTCCWnXirACATAAAAGTOT 

AAAAAATAAAAATAAAAAAa«VAaUWtf^CTGAAAAGCTAATTCCATGTTAGT^ 
TTCCAACTCAGTTCATTTCACCTGAA^ 
CAAGTGTCACTTra^CCGTItn'CTTCATGTG 
TAAAAATjBAACTTTAAAC^ACATGAGG 

GAGTMrTTAAACATQATCTTTAITCTAATGCTAGGAGAGTCTTTC 
TGGAATTTGCTTTTGMTGATTTCAC^^ 

CCCCTTACTTCTCTTTTAAGCTTTATATTGTTTCCTTGTTTAT^^ 

AGAACAaSCATATTTOAGAATCAAQTTMTC 

MATCAAATG^OCTGCAGCCAACA^^ 

TTTAAGGGTOTTCTTTATrCTGCATTCATGGGTGCXtnGACrCTTKj 

CATTCTGTGTAATCTTTTCTAATtm^AAOCCACT 

ACrGCriXSGAATTTQATGTTTTTAAAACAAAACATTTT^ 

ATTCT CTGTT AGCCrTTATCTAAAGGATTTCTAAAGGC^^ 

AT TTACTrTTAA CCAT CAGQCCTA ATCTAGTAGCATCftATC^^ 

i TK i x i fig a fg gamscaAAccTCigg^^ 

grfyr&T A OgT rTAGATAGCC AgmUTA AaCCATTTA T 



Fig2 



CA 02423327 2003-04-02 



CA 02423327 2003-04-02 




4/4 




I7G1584T(G/G) 




IS1816071 (A/A) 

A. AO X TA T O AG 



rsl 816072 (T/T) 



C CATGATCTCB 



rsl94072 (T/T) 




rsl 87269 (T/D 



GT A T C 


15^ ATCTA 


I7G1584T(G/r) 


A T e A c ^ 


G C TAT 


tsl816071 (A/G) 


A A G X T ^ 


TAG A& 



rsl8 16072 (T/C) 



C CATGiyrCTCO 



IS194072 (T/Q 



Q fl A G G 


H r C A fl 








OT AT 

/u 


C 3^ AT TA C 

Md 


nG1584T(T/T) 


A T 6 AI 


: .G G C TA T 

M 


rsl816071 (G/G) 


AACXT^TAG AG 


rsl816072 (OC) 


C C A T G 


G T C T C G 


IS194072 (cyc) 


G a a 6 6 


CAT 04^ 

WW 


rs252944 (C/C) 


c n n n c 


c n T n n fi 



rsl 87269 (C/C) 



GA 02190732 2003-05-13 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT oil DRAWING 
rd^URED OR ILLEGIBLE TEXT OR DRAWING 
a SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
□^PERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



